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FLOW AROUND BENDS IN CHANNEL 
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Mockwore, 


S 


under laboratory to. recor and to urs the 
of flow around a stable curved channel. 7 oe 


we An open channel, 18 in. widé and 10 in. deep, was built of transparent 
pyr ralin sections so they could be fitted together in combinations of tangents 
and curves. — Motion pictures were taken of the flow phenomena as indicated by 
— floated on the we water surface, dragged or rolled « on n the stream bed, or 
“held in in suspension. ‘The latter was accomplished | by use use of drops of a ‘mixture 


ys 


of n. . Butyl Plithalate and technical Xylol, colored with a deep, red oil dye 
and gravity a as is that of water. w ater velocities 


mental velocities of flow around a bend, and was 


made | of the > streamlines, accelerations, and velocity ¢ angen by use of th 


THE ‘Laporatory EXPpRIMENTS 


Compilinntions are inherent with the flow of water in any w here 
— the particles of water are forced to undergo a general change in direction. + = 


there y were streamline flow of equal filament velocities at the entrance to the ; 
bend and if friction could be eliminated so the water would act as a perfect 


fluid, no spiral motion cot could develop. The two principal e: causes — 


flow in either closed or open channels are: 


(a) The existence of friction on 1 the channel walls, resulting in higher | 
-flamental velocities near ‘the center of the channel than near the walls; and 
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_ STABLE CHANNE 


The centrifugal force required to deflect the particles of water from 
st 


The existence of a condition 0 of spiral flow around bends i in open channel 
was first enunciated by Prof. . James Thompson? of England i in 1876. 


_A study of the flow conditions i in the bend of a natural stream would in- | 


: volve 1 many complexities, not only. because of the difficulty in obtaining ac- 
= measurements of t the filamental velocities at specified points in a large 


stream, but also because of the m many y irregularities: in, and the instability of, 


stream bed. labor: utory is the most logical place, therefore, to study 


Fic. 1.—ExperIMENTAL APPARATUS FOR FLow oF WATER AROUND Benps IN OPEN CHANNELS © 
An open channel, , 18 in. wide and 10 in. deep, was constructed i in sections 
as shown in Fig. 1. The bend sections and one 4- ft tangent were made of 
_ & transparent pyralin to facilitate observation of the flow and for the approxi 


mation of the desired rate. The final rate of flow was obtained by use of 


a carefully calibrated conerete volumetric measuring tank. The ea 
velocities were measured with a special midget current meter and checked with 
a pitot t tube, the latter being one ui used in numerous other experiments, w which 
‘The channel was set on a ‘slope of 0. 005% and the depth of of the water was 
: controlled by a , tail gate at the outlet of the channel. os In some e experiments the 


7 gate caused a backwater curve which gave a different depth of water at each 


-_ _2"On the Origin and Winding of Rivers in Alluvial Plains, with Remarks on the Flow Around Be re 
_ in Pipes,” by James Thompson, Proceedings, Royal Soc. of London, March, 1876, pp.5-8. > ee 


3“ Characteristics i in Elbow Draft Tubes,” by C. A. Mockmore, Transactions, Am. Soe. C. 
Vol. 103 (1938), p. 412 

“Hy draulic Practice,’ J. R. Freeman, Editor, A.S.M.E., 1929, p. 712. 


er To Flow of Water Around Bends in Pipes, " by D. L. Yarnell and F, A. Nagler, Transactions, Am. 5 
E., Vol. 100 (1935), p. 1020. 
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March, 1943 STABLE CHANNELS 
- section of the channel, but this was not of enough consequence to r 
‘elimination, 
Twos series of tests were Inone. one the rate of flow was held « con-— 
‘stant at 0. 449 cu ft per sec, and the mean ve gems varied by raising and 
lowe ering the w rater ‘on ice in the channel ¢~4 means of the tail gate. In the 


the channel ‘siting the micrometer screws | the tail gate 
until the mean velocity as computed for Section 16 was 0.5 ft } e sec. Typical 
velocity contours for these two experiments are shown in Fig. 2 with the view 
each case facing dow nstream. All velocities recorded in Fig. are d down- 


a ‘tream components, tangent to prey concentric with the curvature of the 


Preliminary to each test considerable effort was made to obts or 
tively even velocity distribution over the section at the beginning of the bend 
using various kinds of screens and floats at the channel inlet below the weir box; 
but in every stage of the flow the effect of the bend was reflected upstream | to 
cause e the highest fil: imental velocities to occur, not at the center of the stream 
as O ordinarily | would be the case in a straight channel, but somewhat toward the 


inside of the bend, depending upon the ratio of the width to the depth of the 
channel 


To obtain the data for velocity contours such as those in Fig. 2 , the pitot | 
tube or midget. current meter was placed in a clamp and fastened to a beam 
across the top of the channel. _ Five verticals were selected as suitable through | 
which to raise and lower the meter for velocity measurements, one at the. center 
of the stream, one at et ach quarter point, and two at 0.5 in. from each side- w all. 


‘The p procedure was as follows: The meter was lowered ohare 0.5 5 in. of the 


3 another ‘measurement 


arbitrary zero datum. 


... Bisa a composite photograph kin ver 
mm motion picture of the first or upstream w average flow. 
conditions were as shown for Stage 0. 600, in Table 1 Some crystals of ‘potas- 


7 ‘sium permanganate, v which formed dark patches i in the photograph, had been — 
sprinkled on the bottom of the channel. . The broken lines follow the path of 

4 the water along the extreme bottom. of the channel. It will be evident that 

i streamlines crossed the center line of the channel at an angle of 45° or more. 


_ The unbroken lines are the paths. taken by confetti strewn on the surface of the 
water, and indicate that the streamlines on the surface of the water edged across 
- the channel toward the outside wall. The average dow! nstream velocity i in the 


channel in. this case was ‘slightly more than 0.5 5 ft per per sec, with the highest _ 


filamental velocities near the inside wall and _— one fourth the way es 


onfetti strewn on the water surface to edge | to the outside of the 


first bend, but hugged the inside of the second bend. - The reason for this is not - 
apparent eens a study of the velocity contours (Fig. 2), but the cause may be 


attributed to the short tangent between the two bends. | _ ff the tangent had 
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"STABLE CHANNELS” 
‘been longer, sain the surface cu irrents of the second bend would — had 
time to overcome the effects of the u pstream bend and perform as did the sur-— 


face velocities in the first bend. aa 
TABLE 1.—AVERAGE ConpiTrIons, STAGE 


CR. ATE OF F LOW Is Constant (0.449 Cu Fr PER SE¢ 


Area section (sq ft). . 0.843 0.90 0.91— 0.963 


| 


Fie. 3. —Compostre Picture ‘Maps FROM om Szv ERAL Frames oF A 16-MM 


Morion PICTURE ARouND BEND 


Movep . ACROSS THE CHANNEL F From ATo B, 
Wuere A Bar Was Formep 


. a e of the bottom streamline velocities was considerable. 
_ grains w ere swept quickly ¢ across the channel (see Fig. 4) from A to B to form a 
The views in 4 are from a 16-mm motion taken during 
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“Upstream. slightly more half w the bend and mid- 
depth the streamlines apper ured to leave the inside wall of the channel. This is" 
—— by the darkened region of turbulent water in Fig. 3, , caused by the 
-acecumul:s ition of dissolved pota issium permanganate being swept along by the 
streamlines nearest the bottom of the channel. 
Tf, for the moment, the velocity component ¢ of a thin layer of fluid along the 
water surf: ace in the vicinity of a, Fig. 5, is considered, it will be apparent that. 


not only are moving downstream but also ; are edging toward the out-— 


Water Surface. Mater Surface 
_ 


b 


(a) ELEVATION 


SECTION AT 


: 
Fra. or TurBU SLENCE Instve oF BEND 


side of the bend. Then as particles pass on on to ¢ they | a kind 
iverging channel ‘effect, « and at d the e streamlines diverge fr from the inside wall 

causing a backflow somewhat as shown. This effect. was admirably demon- 
strated by filling the channel with still | water, liberally covering the stream 
bed with water-soaked enedadt and suddenly opening the tail gate wide. 
he the w water accelerated, spiral flow developed, and the finely divided saw me 

particles v were s carried uous the bottom of the channel to the region of d, Fig. 5 

_ where they were churned about violently in the turbulent eddy. _ ‘Thes saw dust 
was then replaced with 1 erystals of potassium permanganate, and the colored 
water followed the same pattern : as the transported sawdust (Fig. ae oO 
In the lower er half of the s section at d, Fig. 5, the water particles had a velocity — 
component toward the inside ‘of the bend. Pac _ This prevented the region of 
— from developing to the same extent | as. ‘it did nearer the water 


The velocity contours (Fig. 2) ~~ evidence of this phenomenon, oiv 
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r was admitted into the stream through | capillary tubes, and it came from the 
7 _ tubes in globules: about the size of a small pea, providing a ready means = 
tracing: the streamlines. Motion pictures were taken giving an excellent 
_ record of the existence, extent, and nature of the spiral flow. » When the globules" 
passed the section half way around the bend and happened to be along the 
elie of the channel and midway between the side-walls, their path crossed 
the center line of the channel ai at an angle of about 45° , indicating a strong cur- 
toward the convex or inner bank of the stream. 
_ Floats consisting of s-in. hedgewc ood cubes boiled in paraffin and marked 
‘with white crosses for identification were used to ) study the a angular. velocity « of 
the w ater surface. . Although the blocks show ed an angular velocity about the 
a * vertical axis only, they indicated that if an open » channel turns to the left, the 
“cubes i in general | take a rotational motion in the opposite | direction, except 
* 24 cases ; where a cube was trapped in the r¢ region of turbulence, : , such as near d, 
as “Ther motion of rice grains, shoved along the bottom of the ¢ channel, or chem- 
ical globules held in suspension by the w ater, progressed with poapeern rated 
: : velocity from the outside of the bend toward the center of the channel and then 
decelerated as they a approached the inside of the bend. 
It is difficult to make | any comparison of the streamlines followed by 
particle of w vater starting near the outside at the entrance of the bend with 
the streamlines of a particle starting near the inside wall at the entrance of the . 
bend because of the differences in filamental velocities and in the lengths of 
path. 7 _ A particle starting at the entrance of the bend and on the water surf: | 


near the outside wall with | a 


tow center of the half way he bend would « cross: 
the center line near the bottom of the channel at an angle of nearly 45°; and 
‘would end in the turbulent region. A pai particle starting at the entrance of the z 
bend and on the water surface : near the inside we ull would mo move swiftly dow n- 


a strong velocity component outward, upon approaching the « out- 


: “the bend 1 near the bottom of the channel. On the average t the liquid completed 


half a turn of the spiral i in flowing around the 180° bend < However, the time 
required for the ‘diff ferent particles to move ‘through their allotted courses 


“differed considerably, the shorter period being for those starting near the 


~The transverse ‘profile of the water surface at Section 12, ‘Stage 0.406 

Be (Fig. 2(a)), shows that the water is higher a at the outside 1 wall than at the inside 
wall. This condition, due to the centrifugal force of the water flowing around | 

the bend, is not enough in itself to induce the spiral flow, but it is one | of the 


two essential conditions, the other being a difference between the filamenta 
f the water near the surface and near the bottom « of the channel. 


— 

= To gain information on the nature of the streamlines around the bend, use _ | 
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STABLE CHANNELS 


‘The letter raymbols weed are defined where they first ap pear and 


| The theory of the induced ued has been discussed admirably by y Sherman 

= ‘Woodward,* Hon. M. Am. Soe. C. E., whose reasoning may bh be explained 


vy reference to Fig. 6. If the layer | of w ater E-F moves in a curve, a centrif- 
-ugal force of 


- must be directed toward the center of curv nae. In Eq. 1, m is the mass of the 
water; V, the velocity in feet per second; and r, the be ta of curvature. The 
excess of pressure on the face D-H over that on C-G causes the water to be 
deflected toward the ce center of "curvature on the side toward A. ‘This | EXCESS 
of pressure can exist 01 only when the water surface at D is higher than at C. 
The layer near the bottom G-H has lower velocity than the central layer 
= -F. Since the pressure difference between F and E is the same as that be- 

_ twe een G and H, it follows that the layer G—H has a shorter radius of curvature 


l= the layer E- -F. A ‘spiral flow inevitably results, in this case clockwise 


when facing dow nstream. 7 If the velocity of the layer E-F were lower than — 
that of G-H, the spiral would be counterclockwise. © ee 

Since the vertical curve of the velocity variation approximates ‘a parabola 
in is natural that the crosscurrents of the spiral be most pronounced 


sar the bottom « of the e stream. — ‘At Section 12, Stage 0.406, the water surface 


Inside Wall 
Outside Wall 


1a. 6.—Cross SECTION oF A BEND OF Oran CHANNEL, Factina DoWNSTREAM 


v at the outside and inside of the bend hed a difference od elevation of 0.13 i 
This i is sufficient to induce toward the inside of the bend a theoretical velocity 
ha “of 0.8 ft per sec, which is nearly as large as the a average downstream velocity in 


; the section as a whole. Friction losses greatly reduce the theoretical velocity, 


¢ a. “Hydraulics of the Miami Flood Control Project,” by S .M. Woodward, Technical Reports, Miami 
Dist., Dayton, Ohio, Pt. VII, 1920, p. 264. 
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the entire 180° bend, with the most crosscurrents near the very 


Tf the predineny ‘under consideration happens to be rather wide and com- 
_ paratively shallow, if the water is flowing through a bend, such as may exist 


Ji 
. 


“Qutside of Bend 


N 
N 
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CHANNEL SEcTION SHOWING SOLID OF AND 


ina natural river or model of a river, and if it encounters channel irregularities, 
there undoubtedly — will be localized turbulence which may tend to distort the 
spiral flow pattern. © “The localized turbulence and eddy currents in such a a 
_ channel may so obscure the spiral flow p pattern as to cause doubt i in the minds | 
= of some as to possibility of its existence in the bend of any open channel.’ 
- - However, if the essential driving forces exist at a bend in the stream, with 


higher down nstream velocities near the water surface. than near the stream bed, 


general spiral motion as first enunciated by Thompson? is inevitable. AD 
“careful a of the basic cause of the spiral will usually suffice to convince 
_an open channel of rectangular ‘section be considered, and. that 


are. made regarding the u- ‘component, v-component, a and w-com- 


ponent of the velocity parallel to ‘the ; axis, y-axis, and z-axis as shown i no 


— 
1. Parabolic variation of the u- component of the 
zero at each side-wall and becoming a maximum on the y-axis midway between 
the two side-walls. Straight-line variation of the u-component, starting with 


‘Flow in River Bends,” by Herbert D. Vogel and W. Thompson, Civil Engineering, May, 1933, 


§8“Existence of Helicoidal Flow, ‘by Herbert. Vogel and P Paul ‘tid. July, 1934, 
pp. 370-371. 
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Zero at , mid- depth of the channel and becoming a a maximum at top and tine 
_ of channel, with opposite signs. 
or 2. -Straight- line variation of the v- component of the velocity, starting with 
; zero on the y-axis and becoming a maximum at each side-wall, with opposite 
signs. Parabolic variation of the v-component starting with zero at top and 


bottom of channel, with a a maximum value at mid-depth. 7 Deets 


38. Parabolic variation of w-component of the velocity, starting with zero 


ow the bottom of the channel and becoming a a maximum at the water surface. 


Parabolic variation of w-component, ‘starting \ with at and 


= _ if b and d, respectively, represent the breadth of channel and depth of 

_ water, the velocity components at a particular cross section of the channel may 
_ be written in terms of x, y, b, d, and certain coefficients, which in this discussion 
be called » ke, and for the , v-component, and w-com- 


-2) 


ky have dim and ke of 
Assuming fo for simplicity that ky = = 1, Eqs. 21 become 


the is? = an 


+ 


ase 


x 


terms and integrating, 
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ae _ Streamlines.—If streamlines are defined as curves the tangents to which 8 
— everywhere give the direction in which the fluid is moving, then the equationof § ~*~ 
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Eq. 5 should be the formula of the streamlines as projected on the z-y plane, 
which is s the plane of the channel cross section. For the y plane, 


2y d ) (y d—-y ) 
q 
If the coefficients ky and kw are retained, and Eq. 7a is made a ¢ a definite 
Eq. 7b may be evaluated as follows: 
First step: put the integral form: 
Second step: Let y = 


re 


and i in . three terms ¢ as follows: : 


(1 — — #) 


: 


an 

= 

— 
i 

— 

— 

» Lt — 8) ¥(1 — 8*)(? — 
| = 


«STABLE | ‘CHANNELS 
_— step can be verified by differentiating the right- hand term of Eq. 8b as 
indicated, reducing all terms to a denominator and combining. 
Fourth step: From Eqs. 8b and 8c, 
(1 — 8*)(K? — 8°) | 
— 


Fifth res In the two integrals on the right i in Eq. 8d, make s = k sin 


1 — pis ke Vv sin 
2 


two 


24 


yk) 


in Ww whieh C2 is the constant of f integration. a 
To compute values of y and z the best method i is to use use » ikem: 
‘Then, since s = k sin ¢, Eq. 9 becomes 


Vv 


P(e, and The streamlines have been plotted in Fig ig. 9, ‘showing. 
‘three view s—section, plan, and elevation. the value ky = = kw = =1 was 


een and would change the that a particle Ww have to. 
move downstream to complete one cycle of the curves, but would not change 


generalshape, 


_ Angular Velocity.— According to the laws of hydro drodynamics the components > 
of the angular velocity, gn and ¢, about the z-axis, - axis, and 2 2-axis are, 


ming time does not affect the velocities at a giv 


10 **Formules et Tables Numeriques aux Fonctions Circulaires, Hyperboliques, Elliptiques,’”’ by L. 
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Then the angular velocity in radians per second is: 


A cheek on the accuracy of Eq. 12 may be had by ne noting t that th the di dive ivergence | 
of the a angular velocity must be zero: That is ,a a divergence of el 


—22(d-y) +2 2 x (d — y) 
In Ea. 12 it should be noted that the 7 n- -component is not : affected ™ the breadth 


Fic. OF EquaL ANGU LAR ‘VELOCITY 


Fig. 10 shows lines of equal angular velocity i in the channel section, 
. ing 6 = =d= 2, and ky, = k, » = ky = =1., It is worthy of note that at values of 
the vorticity is fairly \ uniform all Across the channel. The symmetry 
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ay The | euiien ion of rotation yn of the. components of the angular velocity can can be. 
seen by reference to Fig. uM. a The direction of rotation in the y-z and y-x planes 


‘is - ays the s same e regardless wd Ww hat eg in gens section is selected, whereas 


@: me ELEVATION PLAN VIEW” SECTION OF CHANNEL FACING 
PLA PLANE UPSTREAM, PLANE 


Fic. 11. —DrrEcTIon oF Rorarson or ANGULAR VELOcITY Components 


Acceleration.—Components of the parallel to the Y-AXIS, 


| g-axis are given by the equations: 


(; 
4 ay t 


a 


je 


- 


- Table 2 — components of the acceleration parallel to the z-axis, y-axis, J 
nd inane for different values of x, y, and z in terms of b and d, assuming — = 


half of the bend through th of the ch 

Bit fort } | 
ics: 
and 

+at(yd— —2y | +| 
— 
= — 
P rq 


=k, =k 


ky = It should be noted that, at all points: in the section, Az 


varies as ay varies and varies as This is ‘significant 


ow here, as in most natural streams, breadth is greater than depth, and hence the 


TABLE 2. — COMPONENTS OF ACCELERATION, 


0.25 6b | 3 b d?2/128%) 0 —3 —3 d2/1,024) | —33 b? d3/1,024| —24 d3/1, 0240) 


of x in of channel width, (6) All ‘whe is 


indicated by the footnote index. ‘Centerline of channel, 


acceleration across the channel and the x-axis is much gr greater than 


of the velocity, pe arallel to. ‘he: z-axis, v-com-— 

ponent, parallel to the y-axis, and be in direct ratio of width to depth of stream. 
alec On the outside half of the channel the velocity components parallel to the 
 w-axis and i in the lower half of the section, are directed toward the inside of the 
bend : and are increasing in magnitude | as the particle moves tow vard the center 
of the channel. if a piece of gravel o or sand should start mov ing ¢ along the bed 
_ of the stream in this vicinity, it would tend to continue and, after passing the 
“middle of the stream, wo sould tend to be stopped due to the com- 
ponents of the filamental velocities directed towa ard the inside of the bend. 7 
a. components of the angular v velocity are — in understanding the 
movement of detritus along the bed of the stream. If, in Eq. 12, y is taken as 


zero, the angular velocity becomes: 


‘fa, under the assumptions made, there is n no tendency for the gravel on the 
stream bed to rotate about a vertical axis, but there are components of angu- 
lar velocity about the z-axis and ‘eaxis. The rotation about the z-axis 7 
‘the same as the direction a piece of gravel } would be obliged to roll along the 
stream bed, and although the rotation about the z-axis, parallel to the axis of 
‘= center line of ' the channel (Figs. 11(a) and 11(5)), As retrograde to the direc- 


tion a ] piece of gravel would be. obliged to rotate, its magnitude varies 


: compared to = for the value of x = 0 at the center of the stream. When 


2 and ky = =k, = ky = 1, the one component is four times th the other 
in value. - Howe ever, ina , natural channel it is likely that the maximum cross- 
currents are at some distance above the bed of the stream, in which case the 


a angular velocity would not be retrograde to the — that a piece of grav el 
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The the components of the acceleration in 
Table 2 are based on the assumption k, = ky = kw * 2 which | is not neces-— 
_ true, } it can be shown that kyu = ky, since the divergence of 


‘Points IN THE (CHANNEL SECTION 


3/128 0 | 0.50 b 
15 d2/1,024) | 15 b? d3/1,024 | —3 3 d?/128) 0 | 0 | 0.256 


channel. Values for the inside half are sy that he eign is chases d in the ca ses 


the velocity = 0 = Ox 


12. —Ve ELOCITY Asowe: THE Z-AXIS 


a outiies must move to spre a cycle of the streamlines shown in 1 Fig. 9, 7 


However, some notion of. the value of kw may be had from the eal a 


-analysis: From Fig. 12 ‘it apparent that when 0, ==b w dy 

6 

3 


Eq. 18 it is to if rate of flow Q, of 
b, and of channel d are know 


— 
4 y = 0.50 — 
0 | —3 d3/256) 
; and that — 2 
| 
G dy, — 
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At + this point it is of interest to note 2 the rat ratio of the. maximum to the avera 
in direction of the z-axis. . The maximum w-component is: 


wan w w (ave) Re 4 This 


me 


FREE 


the law ofa se vortex as shown i in Fig. 13. R Referring t to > Figs. 13(6): and BO, : 


Now st | 
a kj (d — ky (2y yd and W; = = a constant. 


at any ‘point— 


kes (2 y d _ke@yd-y) (2y yd — _ kw (2y d 
Te 

ind v remain the same As before and ku =k = ke | = 1, the compo- 
he filamental velocities parallel to the x-axis, y-axis, and z-axis will be: 


| Streamlines.- —In on ay plane | the streamlines are the ‘same as those | 
puted under the first 3 — The ae equation! is obtained a as follows: 


(2d — y) 


wy 
— 
a 
— 4 
7 — 7? (2 y d — y?) = 

— 

— 
average, on the basis of the assumptions Made in this paper. = | 

— 

alt 
— 
a 
nents of 

x 

— 
and | 
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| Substituting from Eq. 5, = — ‘and 

2 
 Qd-ydy 


q 


Py 


a 
3 
= 


appears ¢ 


since some notion of the nature of the strea 
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Fie. 13.—Fiow Conpitions FOR FREE VORTEX FLOW 
> = lifficult to evaluate this integral, and perhaps it is not necessary a 
imlines may be had by reference to . 
those forthe first assumptions, 


a _ from one side of ‘the channel to the other as under the first assur 


CHANNELS” 


s as to velocity distribution, 


v4 for angular becomes: 


{iy 2 d-y | 


The ‘divergence of this angular velocity w as checked and ound to be zero, as 


it should be. ‘The e component in the y-a plane is the s same as under the first 


has not been altered. The angul: in the x 
sis same direction ¢ at all points in the section; that is, it will not change sign 


— 


ny 
Acceleration. _ or the free vortex flow the acceleration becomes: _ 


(E- 


(2yd — 22 d- -y)d-y) 


L 

‘The components of the acee parallel the z- ~axis and 4 y-axis, and, 

given by Eq. 25, have not been « changed over what mg were beans the original 
assumptions; 


‘IG. 
same as that shown i in F ‘ig. 9. . The Z- -component of the acceleration, parallel 


to the axis of the s stream, does not now have as large values as before. — Tf 


time and care were taken to compare velocities and accelerations as indicated 


by equations here developed, a suitable comparison between the streamlines of 


Fig. 9 and those by Eq. 23 might be oh 


— Ang 
the gen ; 
4 
4 

7 

— 
1 
— 
a — 
t 
— | 
— 


Itis possible to analyze the relation between the maximun 


w- component of the velocity, similar to that under the eal assumptions. 
If ws is taken as the w-component of the velocity at the water surface, then 
(see Fig. 14): 
dQ = 3 dw, dx = : ) de. 


= 


‘ 


hat 
00.56 
w 
7 . hem maximum value of the w-component of or vebosity occurs when y = dand 
then 


4 


= 


w (ave) 


ie the ve laboratory experiment wh where r, = 1. 75 ft and b = * 5 ft, the ratio 


indicated by Eq. 29 has the value of 2.457, and is about 10% higher than under 
the : first set of assumptions as to filamental velocities. . Iti is of interest to note 
= - 29 is not affected by the depth of ‘the channel, the only variables i in nthe 


"he. 27 can be used to evaluate k,, w in the on of Sow and the tenth, 

+4 depth, and radius of curvature of channel are known. For the laboratory 
"experiment when the rate of flow Q = = 0.449 cu ft per sec, b=1 .50 ft, d= = 0.467 , 
ft, and r, = 1.75 ft, kw has the value of 7.22. Using this value of ke, © compu- 
‘tations were made for the theoretical velocities at 0.6 d and plotted against 
values scaled from velocity contours obtained from laboratory data as shown 


in Fig. | 2(a). The laboratory data were for a section of the channel taken 


one-half way around a 180° bend. 
Some justification may be had for assuming the w- component of the fila-_ 


_ mental velocities to vary according to the law of a free vortex. (Fig. 15 shows 


values of the v — scaled from Fig. 16, Section 12, Stage 0. 496, at 0.6 


— depth, and ky = 7.2. )- The computed values of the velocities are higher than 
the actual VE alues near the water surface, and are smaller near the bottom of of the a 


channel. | This difference » perhaps could have been made less by taking the 


the “15, Section A-A, at t the bottom of the channel 
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When y = 

26b) 

‘ 

&§ 
— 

| 

| — 


_ instead of at the water surface as was done in the original assumptions; but 
there seems to be no 0 really vertical velocity curve > for all 


Scaled from Velocity Contours 7 


\ 12 Stage 0. 


Inside of Bend» 


Computed from 


(Prandtl - Tietjens) 


Fic. 15. —ComParIsoNn oF AcTUAL TO CoMPUTED VALU OF w- -ComPoNENTS VELOCITIES 


ie 0.70 Sq Ft 


Fro 16. alban 0. 496, ‘Section No. 12, Rave or Flow Constant (0. 449 Cu Fr per See). 


curves by F W in 
[ 


veanals, 


In Fig. 15 is also shown a curve proposed by by O. anes in accordance 
ow with the — 
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Although this compares favorably with the actual velocity measurements, it. 
does not exactly fit, and to make use of such a law for the mathematical defi- 
~ nition of the velocity. components would lead to an equation of the —— 
that would be most difficult, if not impossible to evaluate. ae estes 
for E q. 30, for xz = 0,r, = 1.75 ft, d = 0.467 ft, b= 1.50 ft, 


he , is also included in Fig. 15. 


-CoNcLUSIONS | 


i This research was undertaken as a study of the flow conditions in 1 the bend ‘ 


of an open channel. Many | observations have indicated that the spiral exists’ 
in the bends of both open and closed channels, and that in the latter the spiral 
is s usually double. — 7 An attempt has been made to observe the direction and. 
‘magnitude of the angular Velocities of particles in suspension - as the water 
-moved through the channel bend, | and to ‘compare these with theoretical 
analyses made under assumed flow conditions. _ The observed rotation of the 
os suspended particles behaved in general with the theoretical analysis based « on 
the assumed conditions. _ The path taken by a particle on its way around a bend 
in an open channel i is extremely complicated and varied, but in general it must | 
In the experimental channel t the crosscurrents moving along the e stream bed 
from outside to inside of bend were amazingly strong compared to the average 
velocities in the stream. _ Evidence of this phenomenon was recorded in a | 
he following conclusions seem justified by the research: 


‘he downstream components of the filamental velocities in the first 

™ of the bend are greater near the convex bank than at the concave bank and ~ 

vary across the channel in close agreement with the law of a free vortex. _ 
The angular - velocities and accelerations inherent to the spiral motion — 
constitute strong contributing factors to the movement of bed load, not only 


ina dow nstream direction but toward the inside of bends. — “ a oe 


4. At about three- fourths the w vay around the bend there i is a tendency for 


motion, hich i is conducive to the of suspended matter the 


Special acknowledgment is due W. E . Milne, head of the department of | 

mathematics at Oregon State College, Corvallis, Ore., for the solution of = 
‘streamline equation, and to Alton E. ‘Alspaugh and William B. Matlock for 
plotting the curves for the streamlines. The writer also wishes to give credit Oo 
to Frank E. Lucas, Jun. Am. Soe. C. E., for help in the construction of the | 


laboratory apparatus, and to all other individuals whose advice and counsel 
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ae T the f funds for the purchase of expendable | iF aboratory apparatus and miscel- 
laneous materials: for the project were furnished by the EF: ngineering F oundation 
_ through J. C. Stevens, M. Am. Soc. C.E., chairman of the committee of the 


Society’s -‘Hydraulie Division « on Hydraulic Rese varch. 


Noration 


‘The following letter ‘symbols, used in this paper, conform essentially to. 


American Standard Letter Sy ‘mbols for Hydraulics, prepared by a Committee 
3 of the | American Standards . Association, with Society. representation, and ap- 


ved by the Association in 1942: 


a= - acceleration for free vortex flow 

b = breadth of water stre am; 

=e constants of integration, ete.; 
d = depth of stream; 

Fe=a centrifugal fore; 

d ‘modulus of the elliptic. integral: al: by and ky = velocity coefficients, 

referring to the w-component, component, and w- “component ad 


velocity; 


rvature: ro = 
Ot; aie radius; a and fe == outside radius; 


T=time; 


= component of velocity, parallel ‘to the axis; 
av verage velocity across one given section; oe 
= of velocity, parallel to the y-axis; 
w= component of v relocity, parallel to the z-axis; -_ 


angular velocity about the z-axis; 
= angular ve velocity a about the y- AXIS; 


t= angular velocity about the 2-axis; 
o = amplitude of the elliptic integral; 


= 
— 
| 
—— 
— 
q 
fur 
— 
— mi 
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re at center of stream; 
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‘THE QUEENS: MIDT OWN TUNNEL 


‘By OLE SINGSTAD,’ M. Soc. 


Synopsis | 


he engineering: features of the Queens Midtown Tunnel, including its 


bao: 


function from the st: andpoint of: automotive e transportation, its planning, design 


and construe tion, are discussed. < An attempt has been made, within the p per- 


| mi lissible limits of spa » emphasi certain features of the ‘project which 


presented more e than t 


rRODUC'’ TION 


1s Midtow n Tunnel is a subaqueous highws Ly crossing of a 


‘River i in New Y ork, N. Y. ay It extends in an east-west direction between the 
sast side of the midtown n 1 section of the Borough of Manhattan and Long Island 


SWhitestone 


Holland 
Tunnel 


Ave. 


Existing 


| sess Future / 


LA 


Beato, 


Southern 
Fic. 1~Sene: AYS AND ParKWways TRIBUTARY TO THE TUNNEL AS or 1943 


City in the B Borough of Queens Its location , highw ay connections, 2 and rela- 
tion to the New York City ‘metropolitan a area are shown in Fig. 1 , which is 


_ Note.—Written comments are invited for immediate publication; to insure publication the last dis- 
cussion should be submitted by August 1,1943, 
4 Chf. Engr., New vv ork City Tunnel Authority, New York, N. Y. 
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based on the (194: status of development of of highw parkways. 
The tunnel exits and entrances in Manhattan connect. with the local street 


4 
system and» are conveniently situated respect to the Kast River Drive, 


h exter ids ilong the east. shore of Manhattan Island. In Quee ns, the 


] 4 _ principal connection to the tunnel is the Midtown Highway which, via the 
> Connecting Highw: ay, provides an express route to Queens Boulevard, the min 


Proposed” 

Midtown 
Manhattan 

Underpass 


)) 
‘7 


? 


\ 


ierhead 
‘a (a) PLAN 
ow 4 o 500 1000 

= 
ALONG CENTER LINE OF NORTH TUNNEU | Roadway = Scale in Feet 


Center Line of Construction Shaft —Ventilation 


-77River Bottom <3 


Horizontal Scale in Feet of Roadway 


(@ PROFILE ALONG CENTER LINE OF SOUTH TUNNEL | 


= 


central traffic artery of Queens. ‘The latter, in turn, burn, leads to and from 


express parkway and highway system ‘of Long Island. The Queens plaza 
_ also provides co connections via 21st St Street (Van Alst Avenue), 50th Avenue, and 
Borden Avenue to the local street system and areas in Brooklyn and Queens: 
“Fig. 2 shows the general plan profile of the tunnel nnel. Between. portals, 
the tunnel structure includes two cast-iron-lined shield-driven tubes, 31 ft in 
aon 3,760 ft long, two structural steel-lined tubes i in rock tunnel, « 32 ft 
- 10 in - in diameter, 1 051 ft long, and steel bent and concrete structure for a 
length of 387 ft in Manhattan and 1 051 ft in Queens. In all essential respects, 
the design of the tubes, interior details, and provisions for ventilation and 
lighting are of the s same design as for the Holland Tunnel and the other modern. 


tunnels for automotive traffic that have been designed and constructed ac- 
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‘Mare h, 1948 


Tunnel Commission ‘under ‘the Hudson River be ‘tween. Street 
B 


roome Stree t, N lanhattan, and 1 2th Street and 1 4th Street, Jersey — 
N. J. Tt was ope ned to traffic November 1: 3, 1927, ) The tubes have ¢ an 


cand 

City, 


ened 
interior lining of cone rel ete with walls and ceilings finisl “din tile. The rot ud- 


wilys, which are paved with brick, are 21 ft wide between curbs, increased to 


__U. S. Pierhead Line 


Service 


Construction 1 
Shaft 


Center Line of Midtown Highway 


U. S. Pierhead Line 


Rapid Transit Tunnels 


Rock Line 


mi of 2 3.5 5 it on curves providing for two Janes of wes estbound ‘twaffic 


—roudway is 13. 5 ft. 


p The he tunnel pl: azas, paved with brick i in| 
— ‘coherete bey yond those areas , widen from. the two. hes at the por tals. to 
six lanes for each direction of travel. Ms. entilation equipment is housed in two 


buildings, one on each side of the river. ~ Remote control of ventilation and 

lighting, « offices for the supervisory staff, quarters: for maintenance crew and 
tunnel police and equipment a are provided for in the service building in Queens. — 
A garage for the emergency wrecking tractors is located at each plaza . Booths 

- (te :n single and one double) for the collection of tolls in both directions of travel _ 


on the 432 ft from the tunnel portals. 
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les per year 


—Estimated maximum capacity, in vehicles 
imensions.—Length of crossing between ‘plazas, in ‘feet 


‘(from street gr ade to street grade)— i 


Ma cimum Grades at the Plazas 


4 Manhattan exit 
denial Depths Below Mean n High W. ater, in 1 
At the Manhattan pierhead line 7 


Roadway ay 


At the Queens pierhead I 


“Top of 
Con 


Miscellaneous construction items........ —-23,107.8 
Operating « equipment. . 195,897.! 
estate | (incl luding acquisition expenses) . . 6,836,790. 

Engineering, administration, leg al, mis- 


“Actual total cost of pr oject $54,073,333.33 


. $11, 235, 000. 


A preliminary | plan for a tunnel between Long Island and mid-Manhattan, 
‘extending across town to the west side, was first officially prepared by the 


president of the Borough of Manhattan in January, 1926. The idea of such La 


was endorsed early in the same year by the Regional Plan Association, 
Inc. (then the Committee on the Regional Plan of New Y ork and Its En nvirons). 


In 1923 this committee had included in its scheme for main highway ay ‘routes in 
‘the 2 ‘Ne ew piensa: al an east and Ww yon traffic axis | from Long Island t¢ to New 
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i 2 “Highway Traffic,”’ Regional Survey of New York and Its Environs, Vol. III, p. 29. fo 


March, 


365 


and the Holland | Tunnel, which was then being constructed. ae 
From 1926 to » 1935, the 38th Strect- River Tunnel was ion 
design: ated) was strongly advocated by man y interested | civic and busin ess 
associations and groupsasa means of: 


(a) Relieving traffic congestion on existing Kast River bridges, particul: rly 

7 (db) Providing a necessary modern express link for vehicular traffic joining 
= Manhattan Island with the rapidly | growing Borough of Queens, the Borough 
ere 


of Brooklyn, and the highway system of Long Island; and Oo 


em 0 
(ce) Ste abilizing the midtown M: inhatta Nn area as a center for business, 1 manu- 
fae turing, shopping g, amusements, hotels, and residence. _ 
| ~The Department of Plant and Stri uctures of the City o of N New York made 
preliminary engineering studies and rendered a report on the project in June, 
1929. In July of the same year, the Board of Transportation was assigned 
= work of preparing plans and specifications and starting construction with 
an initial appropri: ution of $2, 000,000. — - The financial depression following the 
stock market crash of 1929 resulted in the rescinding | of the ‘greater part of. 
-_ appropriation | and the suspension of w vork on the ‘project in _— , at which 
time | a plan for the East River crossing had been formulated. 7 . 


_ The act of the New York State Legislature | creating the New York City — 


Tunnel Authority set up the East River crossing of the original project as 
_ separate from the east-west crossing of Manhattan Island; and in January, 
1936, the Public: Works | Administration (PWA) allocated $58, 365, 000 for the 
onstruction of the East River crossing, or Queens Midtown Tunnel, with the 
= anding that the city w vould constr uct an express connection from the 


tunnel gr in Queens to the main highwa ay sy ‘stem of i ong Island, to be co com- 
_ The first work of the 
Sean. Authority v was a aa. of the pesca plan a and the development and 
adoption of the plan shown in Fig. 2. Ground was broken for the project on 
: October 2, 1936, by President Franklin D. Roosevelt, and, after a construction 
period of slightly more than four years, regular operation of the tunnel was 
- started on November 15, 1940. 
Tonner Hicuways, AND 


=> 


templated “the completion, with of the tunnel, of 


“Boulevard, 


necting High ay and Queens Boulevard has insufficient ‘capacity to 
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n, conformity with the promise made by the city at the time the tunnel - 
| 
= 
af 
n, +: 
). Boulevard, Queens and Woodhaven Boulevard. Although the a 
in construction of of the Midtown Highway has been deferred 
he 


QUEENS TUNNEL P apers 


a In Manhattan, where the congestion which now exists on the crosstown 
streets of t the midtown area west of T hird Avenue : and east of Eighth Avenue 
3 is a serious impediment tov vehicular travel, the proposed Midtown Manhattan 
Underpass will pre ovide an express route between the Manhattan plazas of the 
Queens Midtown Tunnel, the W est Side Express" Highway, ar and the Lincoln 
Tunnel. * _ Its. construc uction, with that of f the highw ay  imaprov ements pla unned in 
Queens, is necessary ‘to complete the e express highway system joining Long 
Island, Manhattan, and New Jersey by. a route through the center of the. 
ig metropolitan. area, of which the Queens Midtown Tunnel is a pt art. ee 
‘The Queens Midtown Tunnel is the seventh East River crossing for vehicu- 
lar traffie to be constr ucted and the first tunnel crossing of the 1 DF ast River for 
vehicles. ehicular traffic ‘crossing the East River had increased 
twenty! fold from A, 500, 000 trips per annum in 1910 to 90, 000,000 trips per 
annum in 1936. “The Queensborough Bridge, which is the heav ily tr: weled. 
of these crossings, increased in vehicular traffic from 769,000 trips in 1910 toa 


‘maximum of 36, 000 in a toll- free volume. approximately equal to 


—— 


Queens Midiow: n Tunnel, a toll of 25¢ passenger cars light 
trucks, functions principally as an express alternate to relieve this load. 


Maximum peak hour traffic recorded for the tunnel to date (M: arch, 


1943) occurred on W ednesday, ‘December 24, 1941, between 8 a.m. and 9 a.m., 
7 — hen 2 ,075 cars used the westbound tube. be. This peak was easily handled wit ith 


five of the toll booths on ‘the Queens plaza, and smooth flow of traffic through | 
the tunnel was maintained, giving a practical demonstration of the ade quacy 


of entrance and exit it plazas approaches. 
Puan 


| 


given to prior plese such as of of the of Manh: ittan 
(1926) and the Board of Transportation (1931). The Lincoln Tunnel ‘under 
the Hudson River was already being built. 4 Every one who had investigated 
oon Projects | from the first inception had | agreed tl that the a Rive er and 


4 nection ‘could be conveniently provided. Therefore very choice was 
possible i in n the location of the Queens Midtown Tunnel. ” The location was 
further limited by the Pennsy lvania Railroad tunnels at 33d Street and by = 


Steinway Tunnel at 42d Street. 
‘That this location was the correct one for both the Hudson and si on 
a tunnels was established by traffic surveys made on both rivers showing that 
- the midtown section was the one which was most urgently in need of tr: affic 
relief on both rivers; and, : although the e general location of the Queens Midtown : 
Tunnel was established by legislative enactment, there was real justification 


for such location. The East River crossing, Teceived intensive study by 
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Tunnel Authority, and a great many study layouts were made before the final 

plan was adopted. All of the earlier plans developed by other city depart- 
ments showed approach plans for the tunnel on the Manhattan side which were 
deemed unsatisfactory from point 


of view of the free and expeditious — 
handling of traffie without congestion. 


the choice of pla in Man- 


wal tunnel traffic considerat itions. tT hese conditions Timited ‘practical locations 
of the Manhattan plazas to the area south of 40th Street between Third Avenue 
oe the East River where the ground surface is comparatively flat and low in 
elev ation, where v: slues 3 of re real estate were gener: ‘ally within allowable limits, — 
and where traffic on crosstown streets is not heavy. - West of Third Avenue the ' 
street gr rades rise more rapidly into the Murray Hill sec tion of Manhattan, 
in some ‘instances, , to a rate of almost 7%. The high value of real 


the as, sandy in n general values of real estate i increase, as othe 


n ont of Third Avenue is comparatively light, por if the 
pine were built farther Ww west, the —_ increase in volume of traffic would 


_To sagen ide a minimum cover of 13 bd over the tubes, ies depth 


~The crown of the roadway is 21. 7 ft below top of tube. Tt 


would have been impossible to reach street ‘grade at the desired points with | 

direct, alinement from the depth of roadwa ay so fixed at the pierhead line and 

stay within maximum permissible tunnel grades. — Accordingly, a plan was 
; adopted | in which the line of the East River crossing from Borden Avenue, i in 
Queens, extends to a point at the Manhattan pierhead | line between the lines” 


‘of 4st Street and 42d Street extended, the necessary distance being developed as 
along F irst Avenue to the plaza locations between 36th Street and 37th Direct. 


one. 


aot sens and exit plazas sin Manhattan a are re separated so as to avoid con- 7 
entrating tunnel traffic in too small an area, and to avoid conflict, between 


Proper ty pr evented moving the entrance plaza farther south. The exit plaza 


= under Second Avenue above the level of the proposed Second Avenue 


is el betw een First: Aven and Second to | 


= 
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| 
War Department required certain minimum depths of channel and 
tunnel structure between U. S. pierhead lines, the prescribed minimum depth = ae 
of the top of the tunnel tubes at the Manhattan pierhead lines being 48 ft s&s Be 
Y water. 
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_ _ The surface approaches are three lanes wide, those for exit extend between 
Second Avenue and Third Avenue connecting with all crosstown streets from 
34th Street to 41st Street, inclusive, with the exception of 36th Street, where 
there i is an underpass for southbound tunnel traffic to prevent conflict: with 
traffic on 36th Street bound for the tunnel. The entrance approaches extend 


mi between First Avenue and Second Avenue and 1 connect with all crosstow n streets 


between . 34th Street and 40th Street, inclusive. By this scheme of surface ap- 
proaches connecting with the plazas, tunnel tra affic i is not concentrated on any 
one crosstown | street, and does not conflict with the traffic on the heavily 


traveled north and south avenues. 


The Manhattan plazas and spprenches of the tunnel are so designed as to’ 

' permit the construction, at any time in the future, of plazas and approaches for 

the Midtown Manhattan Underpass, with provision for direct connections 
tween the underpass and the tunnel. 

4 a In n Queens, real estate values were relatively y low and | the slope of the ter terrain 


was very gradual east from the: river, reaching an elevation of 15 ft above me mean 


high water at Borden Avenue and : 21st Street. 
» Under these favorable conditions, the most advantageous location for the 
“plaza wai was found north of Borden Avenue and east of Vernon Boulevard and 
Jackson Avenue (see Fig. 2), where connections to Midtown Highway and 2l1st — 
Street (Van Alst Avenue) w ere onveniently made. 
the U.S. pierhead line on the Queens side, the War ar, Department pre-- 
~ seribed that, with due consideration for the thickness of permanent protective. 
covering decided necessary, the depth of top of tubes below mean low w ater 
Bese be a minimum of 43 ft. - Street level at the plaza was easily re reached with 
os suitable grades from a depth at the pierhead line 5 ft greater than the prescribed | 
“minimum. lowering of the tunnel profile below the minimum by this 
~ amount provided additional thickness of rock cover in the full rock sections and. 
_ permitted a greater length of tunnel to be excavated entirely i inrock, 
a The results of studies for the location of ventilation shafts and buildings on 
either s side of the East River placed the shaft and building i in Queens in Borden ; 


7 Avenue about 50 ft east of Front Street and, in Manhattan, about 250 ft e: east 
a 


¢ 


of First Avenue between 41st Street and 42d Street. | This original location of 


the Queens shaft contemplated the caisson method for its construction. When i‘ 


_ bids were received for this work, which was included in the contract for the river | 
. tunnels, it was found that a substantial saving could be effected by moving the 
sha ft about 200 ft farther east where it could be constructed in the open- cut 
“section, and, by agreement with the contractor, change 


The low point of the tunnel is approximately 1, 168 ft. east of the } seat 
ventilation shaft in the rock reef near w the middle of the East ome, salient it 
possible to construct the midriver sump and pump chamber entirely in in rock — 
between tubes, 


On the line of the river crossing of the tunnels, the west channel of the 
East River a depth of 66 ft below n mean ater. 
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increasing the air pressures necessary for construce 
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tion. re. 

-pierhead line, it would increased of necessary to the 
| surface in Manhattan. . The profile of the tubes at this point was made high 

enough to avoid these conditions, and for approximately 150 ft in each tube, 
- the top is above the original bed of the river (maximum 8 ft). The War De- 


partment permit included provision for a permanent blanket of clay" overlain: 
with a protective layer of riprap of sufficient extent and depth to maintain a 


minimum cover of 13 ft over the tubes i this area. 


GroLocic D: ATA 
Test borings were made at the plaza and approach sites a and along: the line 
of the tunnels to determine the topography of the rock floor, the character and 


kind of rock and overburden, and, in he land areas, ground- -water elevations. 


When rock was encountered, a core was taken of sufficient length to establish 
the as rock, a minimum of 10 ft. thot th 


ime of the tunnels. gpa taken ‘loser together where necessary, ‘to 
develop the contour of the surface. 


and char acter, ‘of achiat Manhattan and changing 

progressively to Tnwc ood limestone, Fordham gneiss, Hi Hell Gate dolomite, and 
- Brooklyn in jection | gneiss ; along the tunnel line to Queens. . There were zones of 

J 

disintegrated rock lying at low points, generally at the contacts of one formation — 
— with another. — The overburden was indicated to be mostly pervious glacial — 
. deposits consisting g of sand, gravel, ‘and numerous boulders. The face of tunnel | 
3 excavation was shown to pass many ti end in and out of full rock, mixed ground, 

‘and ‘soft ‘ground. 


Desten OF STRUCTURE 

Lining for Shield-Driven River Tunnels. —C ‘ast-iron lining of the usual design | 

‘Was chosen for * the shield- driven tunnels as best adapted to resist shield thrusts, 

and to prov ide rigidity and water tightness. The length of straight 1 ring was 
32 in., or 2 in. greater than the maximum length of ring heretofore used in the — 

7 Tiver - tunnels a around New York City. This longer ring was used with complete 


‘success and resulted in a saving of material and erection costs and in faster 
progr ess as compared with shor ter ring lengths. width than in. 


wal to alinement and grade, were a Maximum in 

2 Me Each 1 ring \ was made up rp of fourteen segments and a key, and tw o weights of 

~ eastei -iron lining w were used. The heavier ring, as ‘shown in Fig. 3, with 14-i -in. 
flanges and w eighing approximately 22.7 tons per ring, was used i in soft ground» 
and mixed face or w here the character or thickness of rock cover ver required ill 
. ‘the lighter ring with 11-in. flanges and weighing app proximately 12.5 tons was” 


in rock face where the cover was je 
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al The segments: making up the tunnel ring were bolted together with four 


high- strength steel bolts in each cross flange, and rings were bolted 


together with eighty -five high- strength steel bolts in the circumferential flange, — 
the bolts for the heav y rings being | } in. in diameter and those for the light 
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STEEL BOLT 
rings, 13 in. in diameter. The specified yield point for the bolts was 85,000 Ib 
per sq in., and the ultimate strength was 110,000 lb persqin. 


ae, The ed factors which were used in designing the heavy cast-iron lining 
are re the weight of the cast-iron ring and that of the concrete lining; the full 
weight ¢ of earth and water above the horizontal diameter of the tunnel; lateral 
earth and water pressures; a) and the effect of buoyancy. The load 
ins designing the light cast-iron a were the weight of the cast-iron and con- 
 erete linings, full hydrostatic pressure, and a load of 10 ft of rock packing above 

the top of the tunnel. The ring a see designed was investigated for localized 


grout pressures. wie 


 # The strength and efficiency of the segmental cast-iron ring depend on the ; 


| 


a 7 capability of the bolts in the cross flanges to transmit the tunnel ring stresses 

_ betw een segments; and, with the cross joints of adjacent | rings . staggered, the 
bolts in the circumferential flanges connecting the adjacent rings, with proper oa 


bolt tightening, add materially t to the strength of the cross joints by the ® splici ing, 


action provided, 


An initial tension in the bolts: of 25,000 lb per sq in. was specified. Thee 
bolts, which were erected Ww ith steel washers and hemp rope grommets, were 
by wey byt two. to three men on a wrench. 
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ning. Ke tual bolt, stresses, observed some tim after the tunne lin ning was 


eree ted, varied from inter nsities consider ably. “a than 25 ,000 Ib per sq in. 1 to 


stresses hing the point of bp is now "considered good 


— 

bolt stress offset any yie eld ‘effe in the bolt 

Initial bolt stresses that are too low, and lack of uniformity i in stress, may 


sustained loading. 


contribute to some leakage, especially in the case of the light cast-iron lining, 


as the flanges are thinner and more flexible than those of the hes avy cast-iron: — 
dining: and the. ‘surrounding | material has no tendency to silt up any small 


crevices th: mi exist be fl: Since even very sms nal leaks be 


machined od pri actice. "The tole 
width of ring segments was very small (0 to — in.), in order to secure as tight = 
fit. as possible a along cire umferentis fi anges. The lining. was -ealked for 
watertightness with lead wire in the grooves formed at the ‘inner edges of the 
~ flanges, the Cc: alking ‘reb: ate ( on e: ch. segme nt being specified to have a maximum 
— depth of 33; in. so that a calking groove would be a maximum of 3 in. in width 


when two segments were joined d. Heavy mac hining « on flange lias sometimes 
narrow ved this gro groove so as to . make c alking difficult. pay 


Il Pe ermanent tunnel | tie rods at ceiling and roadw: ay a els were placed i in the 

_ Queens ns Midtowr n Tunnel lining for short distances in both tubes under the 
ng. Manhattan n bulkhead : area, where there e might be cha changes in outside loadings | 
ull afte: the tunnel was built which would possibly ause variations in the stresses 
ral in lining. Permanent tunnel tie rods were also placed the midriver 
sump, whew certain segments of the tunnel lining were not erected because of 


on- the construction of the cross passage between tubes. 


ove. - Midriver Sump and Pump Chamber. —The midriver sump and ‘pump ¢ cham- 
ol Fs ber are between the tunnels and consist essentially of two tubes, each one com- 
—_ _ posed of segmented cast-iron rings with an interior lining of concrete. The 
the axis of the | pump chamber is at. right angles to the main tunnels. The pump _ 
a Ea rings are 16 ft i in | outside diameter, giving sufficient inside space, in 


addition to that 1 required by the pumps, for a pedestrian cross passage between 
ae main tunnels. The sump is 42 ft long, out to out, with rings’ of 14-ft 
outside diameter, and i is located below the pump chamber with its axis parallel 

to, below and shout midwa ay between, the main tunnels. 4 The pump dun 

and cross passage connected to the main short rectangular 


Rock Tunnels and Steel Bent a and Concrete Structure, Manhattan. —Inorderto 
ight 1 pars for the roadway widths which, because of the ¢ curved alinement, a : 


_ increased to 23.5 ft in Manhattan, the metal lining, in the length of the rock a 


| 
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the bolts in r tunnel, it would be desirable to use machine tightening for a 
LE livht ; light cast-iron _ As a further safeguard against leakage, 
the light east-iron lining may be desi 
CASU-ITOn lining may be designed w ith fiv e bolts in the cross flanges. 
the tl or center f anch eross fis ais 

A Berto 1 enter bolt of each cross flange has been omitted in recent tunnel Lh oy : 
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Psu sections extending from east of the Manhattan sontiiation shaft to 38th 
‘Street, is designed with an outside diameter of 32 ft 10 in. _ These rock sections: a 
of tunnel were constructed as far as 41st Street under the contract for the river = | 


i ms _ Another contract wa was let for the e structure from 4lst Street to the 
- tunnel portals, located just. west of First Avenue between 36th Street and 37th _ 
a Street, consisting of a continuation o! of the metal- -lined rock t tubes to 38th Street , } 
and steel bent and concrete s structure from 38th Street to the portals. cA ‘All of 
Bs metal lining, 32 ft 10 in. in diameter, was furnished under this contract, | ; 


three alternative designs being submitted to the contractors for ' competitive , 
_ The three designs we were based on same e strength factors, “namely: To 


grout estimated to 1,500 Ib per sq ft. One alternative was lining 
32 ft 10 in. in diameter, constructed of light cast-iron rings 32 i in. long. — The > 
other two alternatives were linings of structural steel, designated as type 1 and 7 
type 2. _ Both type 1 and ‘type 2 were rings of ten ‘segments 5 ft in w idth and 7 
a about 1 113 in. long and a key segment about 16 in. . long. - The Ww eights « of the 
two types were each about 2.2 tons per linear foot of tunnel. 7 ‘Type 1 was made 
= skin plates welded to circumferential and segmental flange plates 53 in. deep. 
The bulk of the : stiffness and circumferential strength of the Ting was provided — 
by two split I-beams. placed at the quarter points of ther ring, bent to the tunnel — 
radius, welded, and spliced with bolted connection plates at each cross joint to 
form a continuous circular rib. ‘Type 2 also had segmental flange plates welded 
to ) the s skin plate at each end, but the skin plate \ was bent to form | circumferential _ - 


“flanges 93 in. deep. I-beam ring was provided instead of two as 


typel 

a Upon re receipt of competitive bids, structural steel type 2 was siaiinn to be 
the least expensive of the three alternatives, and the contract w was let on that 
_* A third design i in structural steel was submitted by the contractor (see 7 
Fig. 4). This design, which presented a a sav ing in cost to the Tunnel Authority, * 

differed from type 2.1 in that specially rolled” bulb angles were provided for the : 


circumferential flanges instead of bending u up the skin plates. - Tt was: approv ed 
andinstalled, 


_ The steel bent and c concrete str ucture in Manhattan (Fig. 5(a)) extends: from — 
the circular tunnels, where the junction is made by bellmouths around the 
tubes, southwest to the plaza portals. _ The type of construction consists of 

_ structural steel bents spaced about 5 ft on centers down to the roadway level, 


i 
— which the fresh air duct is of inverted reinforced concrete a arch con- 
4 


—— - Since the invert is in rock for its full length, this construction was 


= 


found to be the most economical. 
There is very little ‘regularity to the steel bent and concrete structure a 

Manhattan, As the grade ascends to go into the plaza, the earth cover 
diminishes making it necessary to bring the exhaust air ducts from the top to 
one side of the structure. Special construction was necessary to form the 
_ junction between the cireular tunnels and the rectangular se section and also at 
the: portals, where the structure is belled out to provide a a gradual transition 7 
~ from tunnel —— to — Where Where the west tunnel passes under private 
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property in the block between 38th ene 37th: Street, the > structure v was 


3. —The Queens land section was 

constructed in trench from the construction shaft to the Queens plaza 
portal, a distance of 1, eel ft. _ For about one half of this length the structures 


1640. I- @ 78 Lb— 
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Fie. LiNING DETAILS DESIGNED Use IN Rock 


and for the re remaining a structure carries both 
The structural type is a steel bent spaced about 5 ft on centers, embedded in © 
concrete and waterproofed with fabric and brick in asphalt mastic (see Fig. 5(b)). 
_ The extreme west end of this land portion serves as the foundation for the 
Queens 1 ventilation building, and provision was made in its design for all of the 
features. normally located in a ventilation shaft—air ducts, emergency stairs, 
_ elevator, drainage sump, pump | chamber, cable splicing chambers, ete. 
This foundation structure was brought u up to an elevation about 3 ft above 
street surface and was designed to form the first. floor of the ventilation 
~ building. Five pairs of steel girders, 5 ft in 1 depth, distribute the building 
column loadings to the tunnel structure below and to ten circular steel-shell _ 
_eoncrete-filled piers, varying from 4 ft to 4.5 ft in diameter, five located on each 
side of the tunnel structure and extended down to rock. aaa 
_ The depth of the structure made it possible to effect a . substantial economy - 
by placing the fresh air ducts above the ceiling for a large portion of the section 
Instead: of in the normal position below the floor. _ Toward the portal end of the 


“section, the shallow depth « of cover over the s structure entailed the transition 0 al 
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a “Tunnel Interior. —The interior features of each tube include: (1) An interior 
‘eonerete lining i in the metal-lined sections of the structure; (2) roadws ay slab a 
and paving; (3) a walk on the left of the direction of travel, approximately ; 2 ft 
- Sin. wide and 3 ft 6 in. above paving level; (4) a a fresh a air duct generally under 
_ the roadway, connected to the roadway “space by fresh air flues; and (5) an 
oe exhaust st air duct, generally above the « ceiling, connected to the roadw yay omen by 
~ openings in the ceiling. Fig. 6 shows a typical tunnel section. ern 
The roadway slab consists of transverse 10-in. I-beams spaced 21 in. on a 
centers with longitudinal reinforcing rod above and below, and transverse — 
reinforeing bars betwe een the I- beams. roadwa ay slab is designed in ac 
cordance w ith the theory adva advanced by H. M.W estergaard, *M. Am. Soc. C. E., 


in 1930. The roadway beams rest on concrete benches and when } placed over | 


_ 3“Computation of Stresses in Bridge Slabs Due to Wheel Loads,” by H Westergaard, Public 
1930, Vol. ‘No.1 1, PP. 


BS “<—Exhaust Port —> if — 

6.—Typrcan Cast-Iron-Livep TuNNEL Section Earra 
| both the fresh air ducts and the exhaust ducts from above the ceiling to a — 
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fresh : air flues are supported on 8-in. I- beams Ww ich span the flues. ihe ceiling 7 
slab, , containing the exhaust ports, is a reinforced concrete slab 5.5 in. thick | 
supported at the sides of the e tunnel and hung at the center | by stainless steel bars | 
The fresh air flues are not terminated in a continuous expansion chamber, 
as has been the practice heretofore, but discharge directly into the roadway 
- space through openings 5 ft 4 in. long and 3 in. wide, formed in the glazed 
architectural terra-cotta blocks at the front of the benches (see Fig. 7). Experi- 
ence has shown that the distribution of fresh air along the roadway can be just — 
as efficient and continuous with direct discharge into the roadway space as 
_ through : a continuous expansion chamber, ps partic ularly when the fresh air flues 
on either side of the roadway are staggered and w when the movement 0} of traffic 


a a Clay ducts under the sidewalk are used for low- -tension cables as, from this 
location, wiring to control boxes for signals, telephones, ete., was simpler, than 

if low-tension conduits were placed in the opposite w: vall as has been the previous 


Ze lighting- cable conduits are placed in the walls of the 


upper air duct so that no conduits of any kind are contained in the ceiling slab. 


In each tunnel, between buildings , six 4in. asbestos-cement 
7 conduits are provided i in the wall opposite the sidewalk. The lower three con- 
duits are so spaced as to be suitable for high-voltage transmission cables, and 
the upper three conduits are suitable for lower-voltage cables. . The six conduits 


are available for rental, and are carried up the shafts to street- level splicing 
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chambers in each ventilation building, where connections — may be made ~ 

private: transmission lines entirely independent of tunnel services, 
Low-tension splici ing chambers in the sidewalk bear a a more or less constant 

relation to the ‘police posts, which house the telephones and manual signal 


controls. These. posts are spaced at such intervals as to provide visibility ¢ and 


Tw each on one 15-Ib carbon- fire are 
_ in the wall above the sidewalk at each control station and two additional small 


fire extinguisher niches are installed gi ay between control stations. iT his 


spacing makes fire extinguishers readily available to the tunnel policeman on 

duty at the control station. 7 Larger ire extinguisher niches, each niche con- 

te lining three 15- lb ¢ Cs arbon- dioxide fire extinguishers, are installed in the v Ww vall on 

the side the sidewalk, These are at 


100 ft of fire toa2 


water service pipe are spaced about 125 5 ft aps part. The pre fire fighting 
equipment distributed the tunnel | Cageregating 350, lb -earbon- 


car of which is with a ‘type of of fire ex- 
| -tinguisher), which answer all fire calls, can arrive on the se ene. 
Other niches in the tunnel are: 


Spacing 
(in feet) 


Gate valve and clean- out for shutting off and cle: aning 
the 6-11 in. water service line. . 
Access to valves ¢ ontrolling outlets from the 6-in. water 


~ service pipe to the fresh air duct to — the latter 500: 


High- ‘tension ion splicing chamber Bie: 


Roadway and manholes are spaced about 500 ft apart. 

‘The tunnel roadway is paved with de- aired vertical fiber brick 3} in. ‘in 

depth, laid transversely on ona 3 2-in. bituminous mastic cushion. 1. Joints betwe 
bricks are filled with pure asphalt with 20% to » 30% inert fine material added. 


The center line marker—a s single continuous Tine on tangent curves, 
ves—is 

% made v with pi pure white- pened vitreo eous s bricks with hard bright, white glazed top. 
‘surfaces and laid longitudinally end to end. Wherever double-lane markers 
are used, electrically illuminated amber prisms, protected by cast- steel hoods — , 
are estalted } in the paving between the lanes at regular interva als. 
The roadw vay st surface is crow ned 1 in. on tangent and on the 
“outside of all curves. - One curves of about 500-ft radius, the superelevation i isa _ 
maximum of ¢ in. per f ft. The transition from crowned to banked roadway i is 


P< a arate, w hich v will maintain 2 a + gutter grade of not less than 0. 57 nor more 7 
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—_— sections, the side-walls are vertical and side clearances are increased as necessary. Salt 
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wt of the tunnel are finished with ivory-tinted, ceramic, vitreous, 
semi- mat glazed tile with a diffused light reflection factor of 0.78. ' There i is a 
continuous border of 1 ming green tile at the 
an The tunnel | ceiling i is finished with 6- in. by 6- ‘in. light t ivor y-tinted pebbled 
glass tile set in cop copper alloy ‘grippers i in the ceiling. slab. 
_ The tunnel sidewalk bench is faced with light, but- tone, mottled glazed, J 


architectural terra cotta. . A sidewalk railing 2 ft 3 in. high is composed of 


a 

—— -colored, porcelain enameled steel pipe Ly in. in diameter. 
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recessed light boxes for tunnel lighting hs have bronze niche 
and accessory doors are of commercial and extruded bronze shapes. All finish 
- and hardware in the tunnel are flush, | and signals: ‘are streamlined so as to- 
facilitate washing and cleaning operations. 
a Plazas’ and Approaches, Manhattan —Two types of design were studied for 
i the Manhattan plazas. One type employed a drainage sy stem under a com- 
4 paratively thin invert. slab, through | which the ‘underground 1 water would be 
conveyed to a main drainage gallery and from there i into the sumps to be 


removed by pumping. The other ty pe of the of walls 
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and heavy invert slab to counterbalance hydrostatic uplift, and, as construction — 
costs would have been about the same in either case, this latter design was 
adopted as the more reliable. PA, 


In the ul cross | section of each h plaza is ist s that of a rei 


pra tically all cases, 


9. —Puaza w ALL AT MANHATTAN 
— 


‘retaining walls were ¢ extended d down to torock. For an area of the entrance plaza : 
- “under 1 which the overburden of rock contained layers of peat, the invert slab is 
su ipported on piers carried down to the rock. The invert slabs of both plazas” 
are divided by expansion joints placed at 50-ft intervals; these joints are filled 
: with premolded cork filler and provided with copper water stops. a 
_ The exit Plaza underpass at Second Avenue i is of the steel bent and conerte 
ay type pe of structure, as is the ‘underpass u under 36th Street. 
: The north and south tunnel entrance and exit avenues in Manhattan pro- 
vide 32-ft roadways and a sidewalk generally 4 ft 4 in. wide on the : side to the i. 
_ tight of the direction of travel of each roadway 7 WwW hen practicable, the founda- 
tion walls of the - demolished improvements were utilized for foundations of 
; the parapet w alls. In other instances the walls had to be sama tor etain high 


ground of adjacent areas. 


4 
outside the waterproofing (see Fig. 8). Invert slabs vary in thickness from 
of 8 ft to 1 ft; the retaining wall height above the ro 7 Cy — 
at the entrance portal and 31 ft at the exit portal. 7 . i. 
rock cut and partly above rock surface elevati 
ed 
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Plazas and Approaches, Queens—The | Queens plaza may 1 considered 


consisting of two The west section between 


on n compacted backfill ‘contained reinfor ced concrete walls 


located on the south side; the roadway pavement is a reinforced concrete slab 
10 in. thick laid directly on the backfill. = a 


a Thee east: section of the plaza includes a ramp leading to the elevated express 
oe _highwe ay. Because’ the bearing capacity of of the s soil was found to be unreliable, 
the ‘support for the last - of the highwa ay connecting to. the 1 ramp consists 
of two 5-ft reinforced concrete cylinders bearing on rock at a depth of about 
40 ft 
Plazas and . Approaches, Architectural Finish- —The r retaining walls of the 
Manhattan an and Queens plazas are faced with coarse- texture, s seam- face, granite, 
random ashlar; 60% golden- brown seam face, 20% bright seam face, and 20% | 
‘split fe face. The lengths of the individual stones are as much as 8, and | even 10, | 
times es the height, emphasizing the horizontal lines of the plazas (see Fig. 9 
‘Plas Wall Finish) 
an The tunnel portals are of six-cut Moose-a-bee granite with polished granite 
_ cheeks extending 20 ft into the tubes, and finishing flush with the tunnel tiling. 
The Queens portal i is a twin design with exceptionally large pieces of ‘granite. 
The soffits of the Manhattan portals are arched. Parapet: walls” are solid 
seam-face granite with six- -cut granite copings. 
> ‘The flood lights : are of commercial type, placed at a height of 60 ft above 
the roadway and resting on granite pedestals. 
Buildings —The ventilation buildings of the Queens Midtown Tunnel (see 
10) are classified as industrial power house structures.  Theya are designed 


with ‘structural steel skeleton frames and are of fireproof construction 


_ A distinct departure { from previous designs was as the dev elopment of masonry- 


7 ‘slotted jambs for fresh air louver blades at a substantial saving in cost ov ool 
the all-bronze louver construction. The louver | blades are ebony asbestos 


cement § slabs impregnated with w ‘waterproof compound of fluxed natural asphalt. 
The } Manhattan ventilation b building is 110 ft by 144 ft and is 124 ft high to 
‘the top of the two exhaust, or evasé stacks, which rise 14 ft above roof level. 
The building, which has an octagonal shape, is partly supported on the Man- 
hattan ventilation shaft structure and partly on piers based on rock. This 
building houses twelve fresh air supply fans and twelve exhaust fans, a large 


switchboard room, transformer. compartments, carbon- monoxide analyzer 


room, chemical ro room, maintenance rooms, electrical work shop, p pressure-tank 


room, and elevator motor r room. . Two enclosed st stairways and an > ee = in 
‘the building provide access from the tunnel roadwa: ays to all floors. 


= 


‘ough first floor slab. 
‘The Queens ventilation building, which is partly supported on the bent 


of tunnel and partly on filled steel cylinders, is 107 ft 


Papers 
simular in design to the Manhattan plazas. e east section of the plaza, 

— 
i 
8. 
= 
— a 
| 
4 if 

a: 
4 
| 
4 


co 


4 March, 943 QUEENS TUNNEL 


by 113 ft in plan with a height of 121 ft to the top of the evasé stacks, SS 
rise about 30 ft above the roof level. Its structural and architectural treat-_ 


‘ments are similar to those of the Manhattan building. — Eleven fresh air supply ; 
7 fans and eleven exhaust | fans are housed,on three floors, and other equipment 
- and facilities are as for the Manhattan building. . Exclusive of foundations _ 
a and es first floor slab, the cost of this building was $0.404 per cu ft. ae 


Vv ENTILA ATION Bu vILDING, NEARING Couruero 
The | service building i in Queens is approximately 100 ft we 185 tt i in plan, | 
- is a single- e-story dete housing shops a and apn for r maintenance 
~ equipment and two stories and basement housing the rooms for ‘supervisory 
__ control, electrical equipment, police quarters, detail room, and maintenance 


- operating offices. The cubic-foot cost of this building was $0.548. 


‘TUNNEL VENTILATION. 
. he method of ventilating the Queens } Midtown T unnel follows closely that 
dey eloped for the Holland Tunnel. continuous supply of fresh air is intro-_ 
duced to the drivew ray just above the curb through fresh air flues generally — 
- spaced at intervals of 10 ft 8 in. on n upgrades : and leve | grades, and 16 ft on 7 
es _ dow ngrades, on each side of the roadway, locations on opposite sides of the 
roadway being staggered. © These fresh air flues are fed from a longitudinal 
; —- duct under the roadway. _ The vitiated air is removed through exhaust _ 
ports placed at similar intervals roadway ceiling slat above 
the longitudinal exhaust air duct. 
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QUEENS TUNNEL 


a, Each tunnel is divided into four separate ventilating sections. With the 
exception of.a short ventilating ‘section on the Queens end of the north tunnel, 
w hich has two fresh air fans and two exhaust air fans, all the ventilating sec- 7 
tions are connected to three fresh air,fans and three exhaust airfans. 


For normal maximum ventilation requirements, fifteen fresh air supply fans 
and fifteen exhaust air fans are operated. ~The remaining sixteen fans are 


stand-by spares, 


_ The fans are driven by totally enclosed, fan-cooled, squirrel-cage, induction 7 
‘motors through silent chain transmissions. _ Each fan « on the downgrade a | 


All the other are a drive ae one e large 


-single- speed motor to operate the fan at full speed and a small two-speed motor 


to drive (through a chain drive | 
“TABLE 1.—ComPaRIsoNn or VENTILATION; the: large motor) the fan at 
= MipTowNn AND HoLuanp TUNNELS 663 % and at 333% of full I speed. 


(Twin Tunnels in Each Case) WwW ith this ‘combination of fan 
speeds a and number | of fan units, 

No. Description Holland | Midtown greater economies of operation 


— 


Total ventilated. . 16.928 "12,686 4 Tunnel where the fans are driven 
Number of: by slip-ring motors of the wound 


me rotor type with external resist- 


ance for varying the speed. 


Sons 
During 1941 when approx- 
Volumes, Cubic Feet per | aol imately 4,400, 000 vehicles were 


Fresh air supplied _| 3.765,200] 2,889,000 by the tunnel, of a total 


2,954,000 electric power bill of $33,412.35 
| 6260) 4,118 (which w tl] for li 
ich was mostly for ligh ing), 


Fan Brake Horsepower: | $4,704.30 was for ventila 
Total. 173 2,725 y $4, 
tion, or a rate of about 0. 1¢ per 


vehicle. Table lisa compar- 


ison of te salient features of the ventilating oan the Holland Tunnel 


and the Queens Midtown Tunnel. 


The tunnel is lighted means of f individual luminaires along the w walls” 


‘the tunnel, immediately below ‘the ¢ ceiling. Each. luminaire contains a 


Pury 


air fans.. 
changes per hour. . 


4 
‘5 
6 
8 
9 


150-watt and a 100-watt incandescent lamp on independent circuits. . Three 


levels of illumination are used according to the intensity of ‘daylight outside 
the tunnel. — . Additional illumination during the daytime inside the entrance: 
4 portals is provided by a ,000-w att and 500-watt enclosed fixtures 3 suspended 
in open bays in the ceiling of the e tunnel, graduated from five 1,000-watt 
fixtures per bay at the portal to three 500-watt, ‘fixtures per bay at 160 ft 
“jnaide the portal. The graduation of light at ‘the portals, produced by this 


additional illumination 1 in combination with three of tunnel 
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1943 
Lighting cireuits are so a » motorist is always ays within the light, 


of luminaires fed from four sources of power regardless of whether the 150- 
w lamps or the 100-watt lamps burning. 


OPERATION 


7 he central point of control of operation is in the service building, which 
contains the electrical control board from which ventilation fans are ste erted — 
and stopped and their speed changed, from which the traffic signals and alarms 
for both fires and wrecks are piloted and controlled, and from _" the it 


tensity of tunnel lighting i is varied. 


lation of the and of the rate of flow of vehicles i in 
each tunnel, 

The personnel attending to the movement of vehicles functions as a private 
police force supervised by a w ho reports to the superin- 


é the. “The operating staff was organized under the 
direction of the chief engineer and, after six weeks of successful operation, was 
‘turned over to the direction of the administration department. . = ae 
‘The: arrangement of organization, which was an innovation over other 

tunnel projects, has proved itself to be sound and economical. ‘The cost of © 


operation during 1941 was $587,916.22, or less than 40% of the cost of operating - 


Construction Preven and Costs.— —The con construction work of the pro project was” 

- divided into thirty- -one contracts, including three for test borings; and, in 

_ addition, there was a miscellaneous group of contracts and open- -market orders — 
operating equipment. coordinated program for preparation of plans, 

ce “contracts and specifications, advertising, opening bids, awarding, and times for 

: completion of these c contracts, w was prepared y when work began on the p pr roject. 7 
‘schedule, of course, as Subject to some modification an and revision 
- time to time to suit varying requirements and conditions as the work y progressed, 

: but the ie essential principle o of the program was successfully a adhered to—that i is, 7 . 
to complete the construction of the project in the minimum time practicable, 7) 
with an accumulation of payments to contractors for the work as completed, — 
which would result, as nearly as possible, in a minimum total for interest during 
ceonstruction, 

All work was let under open competitive bidding and the contracts sade 
aw: to the lowest responsible bidder. Inall cases, this the low bidder, 

; with the exception of contract No. 2-A for borings at t the site of the Manhattan 
ventilation shaft where the low bidder was unable to start work as ordered 
of inability to obtain labor of the required type. 

ra able 2 gives a list of the contracts for the project, together with final costs, 
and the dates of beginning ‘and completing the field work. ‘The dates for com- 
pletion ar are the actual dates when all w ork under each contract was fully com- os 


pleted and. accepted, in some cases ¢ extending beyond the date of « opening the 
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The: first construction contract to | be let was No. 1, and the second, 3. 


struction shaft in Queens had been and was to as the 


ON THE Queens Miprown Ty TUNNEL 


Queens construction 1936|June 9, 1937 201,074.06 
Land and river borings ............. 13° 1936|Jan. 13, 1937 i 49,585.17 
Manhattan shaft borings .. . ..|Oct. 1936|Oct. 10,1936} 3,644.57 
Manhattan plaza borings (modified to | include 
Queens plaza borings) t. 4, 1937 Nov. 30, 1937 - 4,477.55 
Excavation for Manhattan ventilation shaft .... 4, 1937|July 29,1937] 299,332.34 
River tunnels and shafts July 14, 1937|June 3, 1941 4.32 
Dredging and pile driving . 
Manufacture, storage, and delivery of cast- -iron | 
tunnel lining Jan. 4, 1937|Oct. 31, 1939 
Manufacture, storage, and delivery of bolts, nuts, 7 ~ 
and washers ne .|Mar. 8, 1937 Sept. 19, 1939 
Queens land section . .|Apr. 25, 1938]Aug. 21, 1940) ,613. 
Manhattan land section , 8, 38}1 Jov. 14, 1¢ 3, 387,484. 07 
Manhattan ventilation building . "658, 000.00 
Queens ventilation building ................... 548, 1093. 66 
Manufacture and installate on of fans, 1 otors, and | _ 
_ transmissions . 284, 689. 00 
Manhattan plazas July 24° 1939]) 1,870,128. 
Manhattan surface approaches . . . .|Mar. 7, 1940 1941 257,706.2 
Demolition of buildings for Manhatt an 1 pl: azas. Mar. 1939 43,495. 00 
Manufacture, storage, and de ‘liv ery of ceiling tile | 238,876.41 
Queens plaza.... 643,001.91 
Demolition of buildings for Queens. . 39) Apr. 16,821.00 
Manufacture, storage, and delivery of switch- ; 
Electrical fixtures. 20, 1§ ‘eb. 24, 1941 98,339.00 © 
Tunnel finish Mar. 25 1941 339,411.87 
Pumping equipment I 22, , 1940 46,120.00 
Toll booths ‘eb. , 1941 90, 425.44 
Queens plaza finish .. . Jan. 10, 88,154.48 
Manhattan portal finish . . 30, 73,141. 76 
249,196.91 
Service building and Queens emergency garage .. May 23, 1939|Oct. 30, 1940 296,911. 36 
Tunnel and plaza paving... -|July 12, 1940|Dec. 10, 1940 026.67 
‘Total contract costs .... 


point of operations _ for tunneling from Queens; tunneling operations ‘from 


[aot were started in the ventilation shaft excavated under contract No. 3 
= later, » W ere transferred to construction shafts sunk t to. the west of the — 
ventilation : shaft, thus permitting v work on the Manhattan ventilation building 
to proceed. _ With the letting of contract No. 7, the entire main structure of 
ff 
the project from portal to portal v was placed under construction. — . Allr remaining 
- contracts were coordinated to these three. Work on the Minsiiadten ventilation. 
building w was is suspended te August 14, a to November 1, 1939, and on 


WwW ork on the site of the = was cnbenel: ‘under the rules and regula-— 
“tions of the PWA specifying minimum wages and maximum hours of work— 7 
the 30- hr week, , applying to contracts Nos. 1 to 2 inclusive, and, by _ 


dispensation, the 40-hr week to contracts | Nos. 4 | to 20, inclusive. — — 
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Total co 


ntractors’ labor for the project amounted approximately 
193,000 /man-hr at the site, at an wage of $1.61. For contract = 


shift hours of Ww or kers whose wages were ona daily 
 Shafts—In Queens, tunneling operations for the river tunnels were con- 
ducted through a working shaft located on the center line of tunnels 260 ft 
east of the east building line of Second Street. The shaft was 86 ft 9 ‘in. by 
33 ft 9 in. and was excavated to subgrade depth at 67.4 ft below street surface. 
shaft structure was of steel and concrete. Two octagonal openings, ex- 
posing the rock wall of the excavation, were provided on 45-ft centers in the 


Ww est wall of the shaft through which to drive the tunnel shields. 


The Manhattan was excavated to net lines 60 ft 2 in. 


in shaft was used for initial 


operations wid as as a ‘during this period, lined a 


The two shafts in to which operations. 
7 were re transferred, w were 25 ft by 25 ft i in plan, and centered « on the tunnel lines . 


rest were excavated to a eats of 4 ft below the tops of the respective tunnels, 7 


and the rock headings from the ventilation shaft driven through them. 
River Tunnels. —Construction of the river tunnel only will be in 


_ In the New York area, three large diameter tubes comparable : in size 
those of the Queens Midtown Tunnel— -Holland Tunnel (two tubes, 29. 5 ft i in 
7 diameter) and the south crossing of the Lincoln Tunnel (one tube, 31.0 ft i in 
_, —had been driven successfully i in the bed of the Hudson River. On 
= other hand , the experiences in tunneling under the East River, to 1937, 
had been gained mainly with rapid transit tunnels, 18 ft 3 in. or less i in diameter, 
and with the four tubes for the Pennsylvania Railroad,‘ 23 ft in diameter. 
The latter provided the best available basis for comparison in anticipating con- 


struction conditions i in the Queens Midtown Tunnel. Uncertainties i in con- 


nection with ‘driving the substantially larger 31-ft tubes through the porous 


- overburden and varying rock conditions of the bed of the East River con- _ - 
_ tributed to a narrowing of the field of competition for contract No. 4, for which 
only two bids were received. The Walsh Construction | Company, low bidder, — - 
awarded the contract and completed the work well within schedule. 
~ Contract No. 4 extended between limits 4 086 ft apart in the south tunnel 
and 4,111 ft apart in the north and comprised all of the shield- driven, cast- 
Frag lined tunnel of the project (3, 772 lin ft in the south tunnel and 3,756 lin ft 
in the north); : part o of the rock tunnel lined with 32 ft 10 in. structural steel 


New York Extension of the Pennsylvania Railroad,” Transactions, Am. Soc. C. E. .v ols, 
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1e north); completion of the 
“Manhattan: ventilation shaft to surface line; and necessary W 


art 
in the Queens construction shaft. - Prices for tunnel excavation east of the. | 


ventilation shaft this contr act w ere as 00 
ties that have come to the writer’ Ss attention and reflect the uncertainties and _ 
‘difficulties anticipated in in connection with driving ‘such | large-diameter tubes 
under the adverse e ground | conditions of th this part of the East River. ae o 
Figs. 11 show progress in tunneling, together with materials “penetrated, 7 
air pressures, point of balance of hydrostatic head, and sequence of placing and - 
removing clay blanket. Weekly “progress: is shown for the advance of the 


shields. The junction between steel and cast-iron lining is 115 ft east of the 


_ Manhattan ventilation shaft i in the north tunnel and 85 ft east in the south. 


The legend for Figs. 11 is as follows: 
LEGEND 


— 16 Gage Pressure of Compressed 
Air, Lb per Sq in., and Ele- 


vation at Which Theoretical 


Hydrostatic Head Was Balanced. 


+ + + Indicates Weekly Progress of 
‘Shield Station of Cutting Edge 
‘Heavy Cast Iron 
Light Cast tron 
Tunnel Lining 


Rock 
Rock 


Sand, Gravel, Clay, 
Silt and Boulders 


Gravel, Silt, Some 
and Boulders, Stratified 
silt and 

Note: Elevation 300.00 is the Datum of the 


New York City Tunnel Authority Which is 2.653 
ie Above wae Sea Level at Sandy Hook, N.J. 


ie Manhattan, the procedure was to drive the rock headings heen the 


+ ventilation shaft (Fig. 11A), west to the limits of the contract and east to 

the e beginning of cast-iron- nak tenn. ‘The e shields were then erected and 

_ equipped a at the bottom of the ventilation shaft and a advanced i in the excavated 
headings a sufficient distance to permit construction of the tunnel bulkheads. 

With the tunnel bulkheads in place, bottom drifts were excavated i in free air 7 

as far as as rock. cover would permit. — Then, the shields were advanced completing 


— full face of excavation and erecting the permanent cast-iron lining, com- | “| 


pressed air being placed o1 on the | headings w hen test drilling encountered soft 


~ material. . Operations wer were transferred to the construction shafts on March — 
‘From the Queens side (Fig. 11D), bottom drifts Ww ere advanced from the 
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‘tunnel (to about Station 55+0, Fig 110), where the rock floor dropped off i in 
= rapidly. C Compressed | air was required in short stretches in each © 


drift just west of the construction shaft, because of a dip i in the rock floor there, 


: & soft ground i in the upper part of the drift being supLor ted by liner plates. 

» The remaining lengths of the drifts were excavated in free air and driven as 

“high as safe rock cover would permit. 7 The drifts were excavated to subgra ade 
and cone ‘rete cradles were constructed on which to advance the shields, 
were erected and equipped in the construction shaft. _ Shield driving, 
\ vating full section, and | erecting cast-i iron lining were star rted under air pressure, 

“vor ork being conducted through an air deck placed on the construction shaft. 
When the shields w vere advanced sufficiently, the headings were bulkheaded — 

with 12-in. concrete Ww valls placed against the breasting, air pressures were re- 
duced to normal, ‘the shaft air deck was removed, the tunnel bulkheads and 


locks w W ere e placed, air 1 pressure again was placed on the sania shield 


: ‘Excavation from the } Manhattan side was stopped in in the south heading on- 
September 26, 1989, and in the n north heading 0 on October 7 * 1939. _ Excavation: 


Tt was necessary to depois 0 a temporary clay | blanket o on mn the bed of t the 


river in both the west and east channels 
| 2 shoulders of the permanent blanket i in the w rest, channel were placed 
hen tunneling was completed, all temporary clay was ‘removed, and dredging 
car ried down so as to permit placing 5 ft of riprap at required channel 


to complete. the | per rmanent blanket. 
_ Altogether 289 :330 cu yd of material were placed in the west channel. Some 
of this was dredged and reused in the east channel, w here the total clay de- 
posited amounted to 125,000 cu yd. The blanket. approximately 140 ft 
wide at the top, with h slopes of 1 on 4, or flatter at the: sides, averaging ab about 285 
ftin width, toe to toe, with a maximum of 480 ft. 
-_ Each of ‘the four | tunnel shields was 31 ft. 8i in. in outside diameter, the low er 
half having : an over-all length of 15 ft 10 in. from end of tail to ) cutting edge. - 


Fig. 12 is a view of the shield for the south tunnel, Manhattan. Above the | a 


. horizontal diameter at the front end, the hood projected 2 ft 10 in., making © 
' the upper half of the shield 18 ft 8 in. . long. | The inside diameter of the tail of © 
the shield was 31 ft 2 in., providing a 1-in. ‘clearance all around the outside of 

“3 the 31-ft tunnel lining. The thickness of tail was 3 in., and the clearance from _ 
a the face of the shoving jacks to t the ne end of the shield was 6 6 ft 4 in. ean 
_ - Ring girders, 5 ft 22 in. on centers, , and horizontal and vertical struts formed — 
- the intermediate section of the shield which was divided into thirteen pockets. 
Above the espringing line there were eight working pockets with sliding platforms, 
B. h o of which was operated by a 96-ton jack. Below the springing line a large - 
a center pocket 10 ft 97% i in. high and 8 ft 8 in. wide permitted access of a mucking 


_ Machine to the face of excavation. . The u upper r two. . of the remaining g four 


— 
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on November 8, 1939. The shields were brought together and all but the steel i ae 
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pockets 1 were provided with sliding platfor forms and jacks as were | those above the 7 
springing line. Each shield was equipped with sixteen hy draulic face jacks, 7 

twelve of 50- ton capacity and four of 96-ton capacity; and there were two 96- ton 

hydraulic jacks carrying a w valer beam for bracing the face at about midheight 
of the center bottom pocket. Tw enty-eight hydraulic jacks 10 in. in diameter 
were provided for shoving the shield, generally ie at a pressure of 5, 000° 


| 
| 


Ib per sq in., and a a hy draulic erector arm was ery at the a axis of the shield 
for erecting the lining segments. a The face jacks and sliding platforms of the 


shields were effective in suppor ting the face of excavation under very difficult 


_ conditions, while the large bottom ae permitted machine mucking in all 


ded operations v were re generally on a 24- — day six 
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th 
oi ractical, bottom drifts were driven in rock in advance A 7 
Whenever p lrifts on the Manhattan side ranged in size from 


March, 1948 (QUEENS TUNNEL 393° 
15 ft wide by 8 ft high to 22 ft by 22 ft; in Queens, it was possible to enlarge the 
= in advance e of | the sl shields to full section in some instances. " 
‘The tunnels were supplied with low-pressure, compressed a air ‘through 14-in. 
7 pipes, extending i in duplicate from the compre: essor ‘plants or on the surface to each 
heading. — ‘The equipment of the Manhattan compressor plant was typical of 
7 both plants and consisted of seven low-pressure air compressors with a total 
capacity of 40, 930 cu ft per min of free air, and three high-pressure air com- 
pressors with a . total capacity of 6,000 cu ft per min. . The high-pressure supply 
could be used to supplement the low-pressure supply ¢ and i in the specifications— 
which required ‘a minimum low- -pressure air capacity of 45,000 cu ft per min of 
. free air at a gage pressure of 50 lb per sq in., for ‘each side o of the river—80% of 
the high- -pressure air r capacity wa was dhe} in 1 computing ‘the low-pressure air 
capacity of the plant. Three independent sources of power were provided in 
| ae with three separate 13,800-volt electric feeders. In Queens, there 


were three separate feeders of 27,000 volts each. Adequate capacity and 
continuity of supply i in the. low- “pressure compressed air plants were vital factors 


in the successful completion of tunneling operations. 

_ Operations i in mixed face consisted, in general, « of excavating and breasting 7 


the face at the plane of the front edge of the hood down to rock surface. The 
Brine boards w ere 2-in. or 3-in. Planks and were support ted by vertical “sol- ’ 
diers,” face jacks, and sliding tables. ‘The rock face was excavated sufficiently 
7 by drilling and blasting to permit the cutting edge at the bottom of the shield to 


advance a ring length. ‘if rock extended above the springing li line, it was drilled 

and shot out around the hood just before making the shove. When there was - 
no bottom drift, the ‘Shield c cr cradle was made up of concrete- filled burlap bags. | 

. In full face | of | earth, depending o on the nature of material in the lower 

| 3 quarter of the face, the breasting wa was as extended d down generally fi from 6fttol2ft | 

below the springing line, averaging about 7.5 ft. hen boulders” were en- 

qa countered in the lower part of the face, the breasting. had to be extended dow _ 

~ almost to the bottom of the heading. The face was breasted down in the plane 

|. of the edge of the hood, and, when the shove was started, the top boards were © . 

gradually removed and the material broken down to permit the advance of the — 


‘The most unfavorable conditions: were encountered on the Manhattan s si ide 

where riprap and other v very porous ‘materials in the 1 upper of the face 
— the compressed air to escape in large quantities, particularly in in the = 

area. ea just outside the river bulkhead, w here, i in order to avoid difficulties with 

_ piles, the wharf over each tube had b been demolished, the piles pulled out, and a a 

heavy - clay blanket placed prior to tunneling. © Here, the shields were being 

adv anced in mixed ground, excavating full face with each shove. The. con- 

pa of compressed air became dangerously near the full capacity of the 


plant, including that of the high-pressure air - supply. Power consumption was | 


at the rate of approximately 70, 000 kw-hr per day. _ (The power bill for the — 
plant, under these conditions, averaged approximately $4,900 per week. ) Air 
7 in blows through the blanket i in t the area of the demolished wharf were serious , and ~*~ 
ae so eroded the blanket as to require its constant rer replacement. _ ; The north tunnel 
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Was shut down irom June 21, 1086, and up 
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with volcanic clay, but t the loss of air upon resuming operations i in bot 


was as great as sever. 


covered i in » the north ending on the Manhattan side. The north and a 
headings were about abreast at this time (Fig. 11A). The fire was exting uished 
2 lowering th the air pressure and thereby flooding the tunnel at 8:30 a.m.., J , June 7 
Before successfully recovering the heading, he adjacent to and in 
front of the north shield was grouted through eight 23-in. casings driven from | 
: the river r surface, using 4,157 bags of mortar cement in a 1 : 1 mix with beach 
sand. _ The heading was dewatered on August 8, 1938, ‘disclosing an inflow of 
grout and muck at a maximum depth of 14 ft at the shield and running back a 
distance of 208 ft in the tunnel. After cleaning» up, repairing equipment, and 
grouting the face thoroughly, progress was re resumed on 1 August 18, 1938. 
a Slow pr ogress in the south tunnel (Manhattan end) w was continued while the 
: north tunnel was shut down, a total advance of 85 ft being made from June 26, 
to August 18. > oleanic day and a voleanic « clay-saw dust mixture were used in 
grouting through pipes in the heading and also through the tunnel lining 
consolidate the face and cut down the escape of compressed air. . On Sunday, 
July 17, 1938, the south tunnel was flooded to within 9 ft of the roof after a 


movement of the bracing at the heading resulted i in rapid low ering of air pres- 


sure. From August 1 to August 10, inclusive, hile the face was -grouted 
(Fig. 11B), no advance was made in the south shield. oe 

§ 
‘Tunneling conditions improved on the “Manhattan side 2 as ‘the ‘shields 
entered the permanent blanket area of the west ¢ channel. | Tunnel progress from 


Queens, as shown on Figs. 11D and 11C, was considerably faster than from 
Manhattan, the material encountered being less pervious, and the air con- - 


-sumption much less than plant capacity; at maximum, compressed air consump- 
tion in Queens amounted to 17,250 cu ft per min of free air for -_ two _— 


(about April 5 1939—Fig. 1 1C). x 


ogress in the shield headings, in feet per 2 24 hr, was: ius a 


‘pro 


on total time, the : average progress in river 


headings was 18 ft per week per heading. This over-all average includes the 
_ time for erecting shields and transferring to shield operations from rock tunneling 

operations, as well as all other s suspensions of progress, including those due to 
labor disputes. (One period of Suspension due to a jurisdictional dispute 
involving out-of-town work which had no relation to the project resulted in no 
from 8 a.m., , Monday, July ~ 1939, to 8am., Wednesday, July 19, 

., The haulage system in the tunnels and on the surface was by storage-battery 
locomotives, operating on narrow gage tracks. — Steel cages, shaft ways, ¢ and 
headframes on ere installed at the construction shafts, two cages, 8 ft wide by 20 
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the river. In the heading, the mucking ‘machine loaded directly into 
23-cu-yd a cars. The contractor had planned to load from the mucking 
4 
machines into specially designed ¢ conveyors, which w would have per mitted con- 
~ tinuous loading of the cars. ¥ However, very little use was made of the conveyors, 
— because of union stipulations as to their operation to which the contr actor would | 
not agree and which apparently outweighed their advantages. The tunnel cars — 
dumped directly from the > cages into the hoppers; disposal was by truck. rae 
_ The cast-iron lining te for each ring were loaded on on flat cars, ceaned 
washers, and bolts. The were lifted the cars by 
hoist behind the grouting platforms and skidded along the track rails to the 
- erector. The lining bolts were tightened by hand. _ Before shoving the shield 
for the next ring, all bolts in the two preceding rings rete were re- -tightened. 


source of air leakage) w w as calked with burlap 
_ _ As soon as practicable, during the erection of each ring, a 2-in. turnbuckle 
was placed the back flange the ring at the horizontal diameter. 
» urnbuckles were removed w hen n observations indicated that hat any tendency of aa 
‘the ring to flatten had stopped. 
‘The turnbuckle brackets also served as supports for the working platforms, _ 
which were towed behind the shield. Each of these platforms had two levels, _ 
one about 6 ft above the other, and, by means of the platform adjacent to the — 
shield which was 15 ft long, access to the tunnel lining for erection, bolting, 
“grouting, and | grav veling. operations w was obtained. The second platform, about 
30 ft long, followed a few feet behind the first and carried grout pans, gr ravel | 
pans, and materials, ‘and served in connection with these operations. The 
monorail hoist, which was used to unload the cast-iron-lining segments, also — 
served for carr ying - materials from cars to the w rorking platforms and shield. | 
: _ When the tunnel was in soft ground or mixed face, gravel was ejected eee 
the g grout holes of the lining to fill the annular space left by the tail of the shield, 
_or the space between the rock and lining, starting at the bottom and w working uy up 
on both sides of the tunnel to the three-quarter points or to top of Tock when 
rock extended higher, except in cases where special treatment was desirable. 
This was followed by grouting up to top of rock, generally using a 1 : 1 mix of 7 
"portland cement and sand. Both pea and Lin. were used. ‘In full rock 
‘ tions, the void outside the lining | was completely filled with gravel and grout. 
| Se Observations showed that, in general, the heavy lining in full face of soft 
ground tended to flatten, increasing horizontal diameters over a range of from 
zero to 1} in. (averaging about 1 in.); the opposite was true of of the | light lining, : 
where horizontal decreased after erection over a range e of 
from | 0 to 2 in. - (averaging al about 1 in.). = This s decrease oceurr ed, » as V would be 
when the gravel and grout) were placed outside the lining. 


_ Modern cast- -iron lining is manufactured very nearly | true to theoretical form, a 


a practice i in erection would be improved by erecting the lining as nearly to 
its ' designed shape (that i is, circular) as is practically possible. _ _ This would tend 
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in improving ‘the waterproof qualities of the calked cast- tunnel ring. 
ia Working conditions and safety precautions in compressed air and tunnel n 
construction | were in strict accordance with the best standard practice Ww hich 
included conformity with the ‘Industrial Code. * Second tunnel bulkheads were 
installed in the four tunnels to provide for double-stage_ decompression (see. 
Figs. 11). | Three locks were generally provided in each bulkhead, the muck 
ocks being 10.5 ft in diameter and 35 to 44 ft in length. - Man locks were were 
generally 6.5 ft in diameter and 34 ft long, and emergency | locks, 5 ft in diameter 
“and 30 ft eee ~ Additional service locks, 5 ft in diameter and 20 ft long, ¢, were 


were e 745, 480 decompressions with 1,145 reported ca cases of a air tines 

(mostly mild) with no deaths or permanent ill effects. This record may be be 
‘compared with that of the Pennsylvania Railroad (East River. tunnels), con-_ 
structed” from 1906 to 1908, i in which there were 557 ,000 decompressions and — 
: 692 cases os of compressed : air illness, with 20 cases resulting in death.® = 


Upon removal of compressed air and completion of excavation, the tunnel 


ew 


lining was cleaned and calked, and | concreting pion, begun | on October 17, 
1939, were completed on July 11, 1940. Sections of the tunnel prepare d for 
- concreting were required to remain absolutely » watertight after er cleaning and 
calking for at at least one week immediately prior to placing | the concrete. 


ConcLusIoNs 


is no longer ‘necessary in planning and designing tunnels { 


for highway traffic, and, Ww ith proper coordination o of contracts, such projects: 
can be completed i in a practical minit mum of time. _ The operation of existing 


= add to the safety, utility, and potranata operation of future tunnels. 
Alt! rough it is possible to construct large- diameter subaqueous tunnels fl 


safety under adverse ground conditions, a field | remains for the aaa: of | 
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po The Queens Midtown Tunnel was built, and is owned and operated as a toll 
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> created on January 6, 1936, by act of the Legislature of the State of New York. 
Iti is authorized to construct and operate, o1 on a self-supporting and self- liqui- 
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_ Jones, chairman, , Albert T. Johnston (died one 9, 1943), an and William H. 


man 
were originally appointed by Mayor LaGuardia in 1935 as the commissioners 


5 Bulletins Nos. 22 and 25, as amended, Dept. of Labor, State of New York; effective May 1, 1922. 
‘Compressed Air by Frederick L L. Keays, American Legislation Review, 1912. 
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of the Queens Midtown Tunnel Authority, which v was superseded i in 1936 by 
i the New York City Tunnel Authority. — The writer served as consulting engi- 
& -“neer to the Tunnel Authority from 1935 to April, 1936, when he was appointed 
= engineer, and in that capacity directed the planning, design, and con- 
struction of the project. 
~~ During all phases of the work the Tunnel Authority has had the helpful 
cooperation of the municipal departments and utility companies involved, as 
well. as of the U. S.~District Engineer's s Office and the representatives of the 
PWA. _ This, together with the e loyalty : and efficiency of the more than three- 
hundred mors of the engineering department a and | the skill and cooperation 
of the contractors’ _ organizations, contributed in no small measure to the | 
completion of the project ready for operation ahead | of schedule. ht 
For the Tunnel Authority, W. McK. Griffin, M. Am. Soc. C. E., issdeputy _ 
chief engineer; James H. Dugan, M. Am. Soc. C. E., engineer of design; Jacob — 
Mechanic, Assoc. M. Am. Soc. C. E., , engineer r of construction; John H. Quimby, | 


F: Am. Soe. C. E. , assistant engineer of f design; Leo Geenens, electrical engi- 


neer; Herbert G. Crathers, mechanical engineer; Erling Owre, architect; John | 


e 5 ‘Nanry, M. Am. Soe. C. E. and Denzil W. Coe, M. Am. Soc. C. E., resident — 
engineers; George L. Lucas, M. Am. Soc. C. E., inspection 
Norman D. Richardson, M. Am. Soc. C. E., engineer of contracts; David G. 
Baillie, Jr. , Assoc. M. Am. Soc. C. E., assistant to chief engineer; Louis C. 

hite, assistant engineer of construction. Principal consultants were Jesse 
B. Snow, M. . Am. Soc. C. E ., consulting engineer; Edward Levy, M.D., medical 
‘consultant; and Charles Berkey, . M. Am. Soc. C. 
geologist. The J. G. White Engineering Corporation and Gibbs and Hill, _ 7 

In the preparation of this paper the writer has had the cooperation of many 

of the key members of his engineering staff, and hei is _— indebted to 

Mr. Baillie for his v valuable assistance. 


29 West 39th St., New York, N. 
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ATER SUPPLY ENGINEERING 


REPORT T OF THE C COMMITTEE OF THE SANITARY 


DIVISION FOR THE THREE 
YEARS ENDING DECEMBER 31, 1942 


GENERAL 


The ling report of on Water Engineering 


7 


published in Civil E ngineering or Proceedings. 
oi The present report is for the three-y -year period ending December 31, 1942. 
It was undertaken with misgivings, both because of lack of time of the n-ne 
who are all unusually busy with work relating to, or occasioned by, the war; and 
because of their inability to investigate or to speak freely regarding matters 
which would be of the greatest interest. Much of the report will seem trite 
since most readers will know so much more of particular subjects than can be 
encompassed in a brief report covering so many subjects. Itis thought that the 
report will make a brief record of the state of water supply at the end of the 
fi first year of the country’s participation in th the greatest war of f all time. — 
‘The past three years (1940, 1941, and 1942) have witnessed a gradual 
tapering off of government subsidized construction for civilian purposes and the 
‘substitution of expenditure for war purposes. These war expenditures began 


cence dg in 1941 before the entrance of the United States into war in year 


additional y w vater facilities. 


Canada, ‘heaix: and South America, each of which required construction of 


on furiously; and hundreds o of public and owned supplies howe 

had to be enlarged to carry the increased demand created by expansion of — 
“existing factories, mew factories, and additional housing for the factory em-_ 

Ployees. Every maker water supply material has b been sw amped with 
orders, and practically all of them have expanded their operations to include — = 
other materials. Cast-i -iron pipe foundries, for example, have begun making 
| : steel castings, shell casings, and similar items for various war purposes. At the 


_.  Nore.—Please forward all comments on this Report directly to Chairman Thomas H. Wiggin, 
Broad St., New York,N.Y. 
‘ | Transactions, Am. Soc. C. E., Vol. 105 (1940), p. 1740. 
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WATER SUPPLY ENGINEERING 

has been ‘pursued the one it, of finding out for the 


- first time just. what his plant was capable of producing. 4 In Table 1 are given 


TABLE 1.—Data_ on Propuction or Cast-Iron Pipe AND CEMENT LINING 


Foundry A Foundry: Dd 


140,800 1,100,000 | 157 
156,500 | 190° 1,200,000 


1940 

105 
“19 42 60 


886 


Proportionately more than in 1940. Probably on tonnage, rather than basis. On tonnage 
basis. ‘Thin and standard linings are lumped under “Standard.” 


‘teins. statistics furnished by several cast-iron pipe foundries on com- 
parative production i in 1940, 1941, and 1 1942. _ In some cases these figures are 
related to production for the pr previous years— -1937, 1938, and 1939. 
we Tt will be ‘seen that consumption went on rapidly in 1940, 1941, and 1942, 
being 40% to 90% greater i in 1942 than i in 1939 or 1940. The statistics include. 


oo percentages of cement lining both of standard thickness and of the thin 


variety often called “Enameline.” — Cement lining held its own fairly well in 

total tonnage | but | generally fell off in percentage. The Committee knows of 

one case where inability to get labor crippled { the ‘cement lining department. 

Some information indicates that federal government agencies were less likely to 


Specify | cement lining, so that this department of the business was s apparently Fe. 
not expanded to > keep a percentage basis with the general expansion nof 
In January, La 1943, there appeared to be indications of a reduction in the : 

demand for water pipe. 


Steel Pipe. —One manufacturer of steel pipe, w riting | from a a general knowl- © 
- of the business, informed the Committee that the quantities ; of steel pipe 

: os for the water wor ks of cities and towns and private utilities have been 
‘ less thant usual but the water pipe supplied to ordnance plants, cantonments, and 

- industrial plants combined with that for cities, towns, and private utilities has: 
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_ made e the total ‘production of steel water pipe an all- -time high. In addition, 


- there w was a a huge demand for steel p pipe for other u uses, making the grand total 
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rive 
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NING 


gone to but quantities howe gone to the e enlargement of 
_ municipal supplies serving war pl: ants, shipping, and similar needs. A pre- 

stressed reinforced concrete pipe has been developed which economizes material. 
Its only use so far has been for oil supply lines to the Navy. Such a develop- 
-ment has been under study for some years, and its value has been anticipated 
by engineers who have experimented with reinforced concrete pipe or have had © 
- Cement-Asbestos Pipe. .—Manufacturers of cement-asbestos pipe have been 
w orking at at top output during 1 1942. . The fs fact that little or no iron is needed for 
this type e of pipe induced the Office of Production Management (O.P.M. ) ) and 
toa less extent its successor, the War Production Board (W.P.B.), to order its’ 
= somewhat indiscriminately instead of cast iron or steel; but such substitu- 


tions in the experience of the Committee could not be made because the 


cement-s asbestos product was then already oversold. This was due i in part to 


an ear ly recognition that this type of f pipe took less ship tonnage per foot, so. 
that it was specified fe for ee use. — 


‘fairly stiff mortar ‘containing The Commitee ‘informed 
- whether this pipe is being supplied commercially. Va 


using a traveling centrifugal n tne applying ng machine with 1 revolving trow oa 
at attachment, has continued i in the field. Anew steel pipe at Toledo, 
j 


so lined. _ The flow coefficients of this type of 7 pipe e have been shown to equal 
those of new pipe of smooth construction. = 


i Over 401 miles of pipe in sizes 36 to 93 in. 1. have iar 0) lined, and work is in. 


- progress | on contracts aggregating about 16 miles. Among the water supplies 
‘ for w hich this process has been used are those of Newark and d Trenton, N. d.; 7 


Toledo, Cincinnati, and Akron, Ohio; the Boston, Mass., Metropolitan | District; ; 


Grand Rapids, Mich; and Bethlehem, Pa. 
iia Lining of Small Pipe in Place. —The American branch office promoting the 


contracts have been or are ein. process are Ww Fla.; 
Shamokin, Mauch and Pa.; Charleston, ‘S. C.; Falmouth, 


and El Centro and ret Diego, Calif, “A total of about fifty miles of pipe nen 
been so lined. Tuberculated pipes having low coefficients of flow are brought 
up to coefficients practically equal to those of new pipe reckoned on the actual 
diameter of of the lining. — Smaller pipe, such as 6 in., and in greater measure 4 nal 
suffers some reduction in coefficient when reckoned on the nominal size, owing 


- ‘to the fact that the lining cuts about 0.5 in. from the diameter. The coefficients | 
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reckoned on the nominal diameter, however, are generally 115 or more, and the 
capacity tests of the lined pipe generally show double or more e the capacity o of 
the tuberculated pip. 


PRIORITIES 
_ For the record, and for a proper understanding of the water supply engi- 
neering Problems of the latter ‘Part of the covered by report, it | 


q the federal 1 government. _ This i ‘isa part of the control « of all supplies on — 


of the need for c conserving every possible pound of metal or other critical ma- 


—_ The salient features of this control are as follows: 


require submission of applications to. the W. P. B. on forms 
_ provided, giving v war-need justification for the project; lists and cost of material 
and labor required; weights of cast iron, steel, copper, brass, and lead involved; 
and other pertinent information. — Such : applications are examined in W ashing- 
ton, D. C., by appropriate groups of the W.P. P.B. If If approved by the he first 
‘group, these applications g go to committees of g general control called, for brevity, ” 
“Tron and Steel,” “Brass and Copper,” and so forth; and if still approved go to 
-“Tssuance,” group from which certificates of are issued giving ratings 
indicating the relative importance of the project as compared with ships, guns, 

-cantonments , airplanes, tanks, new manufacturing plants, and other of the 


myriad works which are the mad scramble the insufficient material 


— * Materials for maintaining utilities and for small extensions to serve 
houses whose foundations were completed bi before a certain time in districts” 
which in general at are > already served may be obtained or used if available in 

_ stock; but limits have been placed on the total of of such extensions, such limits’ 

having relation to the past history of the. plant. 

3, Authorization to obtain ‘material to repair | breakdowns in pumps and 

- other equipment can. ‘be obtained by telephone or telegraphic communication 

with the W.P.B. ‘and the Board’s telegraphic authorization to the company 
hich can supply the material. Confirming papers are required. 

. Material for water supply connections to a authorized 

plants, generally government owned, to authorized housing developments, or 


.% ) other war projects can be obtained by use of the ; prior rities which tinth | to 


, Inventories of: water r supply material on hand have to be: filed periodically 
with the W.P.B. which has further directed that inventories be reduced to 60% | 


of those of December » 1940. A plant: may call on another to surplus 


This interchange of material has not progressed very far as yet. ‘- Municipalities 
and private companies have found great difficulty | in n complying with the 


 * The W.P. B. may, and often does, change the kind of material requested 
- to some other kind less needed at es time for war. purposes. — Thus, wooden — 


T 

3 


& 
— 
d 
— 
| 
q 
— 
a 
— 
— 
— 
— 
— 
— | 
— 


March, WATER SUPPLY ENGINEERING 


pipe, cement-asbestos pipe, or concrete pipe may be substituted by the W.P.B. | 
for cast iron or steel; copper service pipe has been eliminated and steel or lead a 
substituted; iron glands and rings have been substituted for bronze in pumps; 
steel for ‘eens ji in hydrant’ stems; wood for steel in tanks; ground storage 
-Teservoirs for elevated tanks; and substitute compounds for jute have been all 


in . pipe j joints. s. Some « of these substitutions re require reconsideration at times 
because ges the substitute. 


The application of the priority system attended, of course, with 
delay both in action by the W.P. -B. in assigning priorities and in the ‘supply. of 
material. A typical Seen F#m of a — for facilities to serve new W var plants 
and housing i is as follows: 


(a) "Application 29, 1941. 
(b) Priority rating received Febreary 9, 1942—amount of improvement ap- 
proximately $200,000. 
Priority ratings granted, A-2 and A-6. that time ratings ran in 
-scending scale through A-l-a, A-1-b, ete., to then 2, -3, A-4, 
(d) Installation needed by June 15, 1942. It included about 14, 000 ft of 20-in. 
and 24-in. cast-iron pipe and five ‘electrically driven pumps. Most of © 
7 the pipe was received and laid by June 15, also three of the pumps and 
- one motor. Then there began od avalanche of war orders for motors; 
a the A-2 and A-6 priorities became worthless; the other p pumps and motors 7 
could not be delivered because of the insertion of a lot of AA- 1, AA- 2, 


similar priorities at the head of the list where A- l-a was the 


at W ashington pan ‘more favorable ratings on the 
- “undelivered material, such as A-1-c, AA-3, and AA-2. The last of the 7 
motors was shipped late in 1942, and the whole job w be 


completed by April, 1943, instead of June, 1942. 


Such examples could out of personal experience of the Com-— 
mittee. No criticism ‘is intended by these remarks. . There was simply too : 
‘much: demand and too limited a supply. Some of the delay was due to an _ 
- insufficient ‘Sanitary engineering personnel i in the O.P. M. and its successor, the | 

W.P.B., and some to the s supervisory committees like. “Tron, and Steel” and : 
“Brass ond Copper”’ in the evaluation of all kinds of projects in deciding atid ; 


shall in the | limited material. More action, ‘Tight ¢ or 


| 


4 


= did not naa cause the shortage that was s feared a summer 

that in 1941 would have caused shortage. 

The handling of applications by the W.P. B. is becoming more prompt aad - 


- skilful; also, the number of civilian projects is diminishing and new methods « of | 
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NorTaBLe CIVILIAN: WATER Prosects 


In this brief « summary of activities the Committee dec deems ms that m note e should 
be made of a few large civilian water supply projects. 


ual Grand Coulee Dam.—The Grand Coulee Dam (State of W ashington) was: 
7. first filled to spillway level on June 1, 1942. This reservoir is 151 miles long. 

The spillway is 1,650 ft long and 300 ft high. 

Lake Mead, Bo ulder Dam (Arizona-Nevada) —Lake Mead, 120 miles long 
4a and nd containing 32,360, 000 on, ae ,400 billion gal, first first spilled o over on 


— Central Valley Project.—This project, in n California, which embraces the h huge 
“Shasta Dam, also Keswick Dam, Friant reservoir, and a system of canals, was. 
7 proceeding toward construction at the great speed for which these huge wong 
projects are ‘noted when work was stopped by the W. P. B. The masonry of 
Friant Dam has been completed but outlet works and canals have not a 
built, so that no use can be made of the w ork . The gates of Friant Dam were 
closed on October 20, 1941, and storage of water was begun. This Central — 
Valley project i is for hydroelectric pow er, irrigation, flood control, 2 and water — 
supply, the. power being developed at Shasta and Keswick dams. 7 To those 
who have lived or traveled in California | and the dryer parts of the We est, the 
significance of this huge p pr roject, particularly i in 1 irrigation, will be clear. ¥ John 
4 C. Page, -M. Am. Soc. C. E., commissioner of the Bureau of Reclamation, has © 
stated that the economic foundation of the West is in the utilization of its water 
supply for all pt purposes. | In all the West 20,000,000 acres’ are now v being w wholly — 


“ or partly irrigated, and there i is water enough to completely irrigate 40,000, 000° 


acres after full development. 
Metropolitan Water District of Southern California.— —This| project includes 
_ Parker Dam on the Colorado River, (242 miles of aqueduct of many types from 
‘Parker Dam to the vicinity of Los Angeles, Calif., ‘several large booster pumping 
stations at the dam and along the aqueduct. line, a terminal reservoir of | 35,000 
million gal capacity, a a filter and softening plant of 100-mgd capacity planned for 
an ultimate capacity of 400 mIngd, and various distribution pipe lines. 
aqueduct has an ultimate capacity of 1 ,605 mgd, about 10% of which is said to " 
used by present consumers, 
ad. The initial installation project v was completed i in 1941 and put into service. A | 
ee cost was $23,000,000 less than the authorized bond issue of $220,000, 000. 
hg Mono Basin Supply.—In the fall of 1941, the Los Angeles Bureau of Water : 
Works and Supply celebrated the completion of the extension of the Owens 
; River watershed into the Mono Basin. This required seven years, the work 
being done by the city. it involved an 11-mile tunnel, driven through the 


Mono Craters Mountains, together ° with a a dam in the Owens V alley, so some 300 7 


expected to deliver 365 cu ft per rsec. The cost of the work was about $20,000,000. 

_ Delaware-Rondout Water Supply for New York, N. Y. —This project, esti- 
pare to cost about $280,000,000, is for an additional supply ¢ of about 540 mgd 
Bony 1 Rondout Creek and the East Branch of the Delaware River westerly from , 
the present Catskill ‘supply. Ti the 85-mile Delaware aqueduct, all a deep 


miles north of Los Angeles, to store 60, 000 million gal. - The new watershed is 


| 
| 
| 


— 404 Reports 
— 
— 
— 
| 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
i 
— 


300. 
d is 


100. 


March, WATER SUPPLY ‘ENGINEERING 


pers for emergency use. _ The middle section, from West Branch reservoir to 
 Kensico reservoir, 26 miles, including the by- “passes under both reservoirs, is 
finished and soon will be ready for emergency use. The permanent 
equipment for the gate-houses at these two reservoirs being unobtainable under - 
s, 
— control devices are being improvised. 45- mile 


pee for one-half mile of concrete lining, s some ‘grouting, the dene of four 
7 shafts , and the gate-house at the West Branch end. | It should be completed, 
except for ‘permanent operating e equipment, in the s summer er of 1943. 
: a Of the three impounding reservoirs, that on the East Branch of the Delaw are 7 


is the most distant and the one to be last constructed. Here surveys and the 


comprehensive. boring of the dam site are under | way. . At the Neversink 
‘reservoir, the second to be built, the stream control works (including a a 30- it 
diameter concrete lined diversion ‘tunndd ¥ with inlet channel and a masonry ry lined = 


z channel one- “quarter mile long) and the he cofferdam a are substantially com- 


pleted; and closure of the cofferdam is under way. 
_ At the Rondout reservoir, that nearest to the city, Quand wh, utoff wall, w hich 7 
of the caisson type, and the relocated highways have been ‘completed; but work 
on the rolled embankment of the Merriman Dam and on the aqueduct gate- 
house have been substantially suspended since 1941 due to the commandeering 
of the contractor's earthmoving equipment and the unavailability of the neces- 
sary ‘metal w work, As an emergency measure, a small tunnel to deliver r run- -of- 
river supply uy up to about 400 med is being | driven from the outlet channel of the a 
diversion tunnel to shaft 1 of the Delaware aqueduct. Progress on all struc- 
tures should be such that, with improvised control devices, some water can be 
delivered from Rondout Creek to the city in the summer of 1943. Be 
_ Metropolitan District of Boston. —During 1941, the new supply of ‘about 210 
mgd from the Ware and Swift rivers came, into full use, thus adding nearly 
double as much to the 120-mgd capacity of the Wachusett a and North Sudbury 
systems w which the new supply supplements. A plan is now ‘under r consideration 
fora . deep tunnel to supplement surface e aqueducts a and pipes in a portion | of the a 
transmission system ending at Chestnut Hill reservoir. | This i is designed to 
‘increase the safety of the supply in case of enemy attacks. a 


Baltimore W ater Punnel -—Baltimore added a ‘mile ‘pressure 


filters. _ This tunnel, of 12- ft finished diameter, is concrete lined. It has a 
capacity of 275 mgd, with a 10-ft loss of head. 7 The cost was about $5,400,000. 7 
=. Two thirds of the tunnel i is lined with concrete, - vith abs about 12,000 ft lined with 7 
continuous welded steel plate cylinder, with concrete backing and gunite 
- mortar lining. _ This tunnel was as begun in 1937 and completed at the end of £1940. 
- Previously, Baltimore had one unlined 12-ft diameter tunnel to deliver er the 
Indianapolis, Ind. —Indianapolis for tunately began construction on a new 
; 7 billion gal impounding reservoir, a first 0 r 16- mgd unit of filter plant, the 
. revamping of its Fall Creek pumping station, and a a large mileage of main all 
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WATER ‘SUPPLY ENGINEERING 
% tensions before priorities began to interfere with normal protedure. The water 
demand i in 1941 was about 37 med, v which was 12% higher than that in 1940. 
‘The first six months of (1942 showed a further i increase of wien 


‘Toledo, Ohio.— 
‘obtained from the Maumee River, caused the city to construct a new system, 
taking water from Lake Erie, some 23 miles offshore. _ Water is carried ina pipe 

line from the crib to the shore, through 108-in. concrete pipe. A low a 


pumping station delivers the water through some 9 miles of pipe to an 80-mgd 

treatment plant. — = A new high service pumping station pumps the water through 
2 miles of 72-in. pipe to a tunnel constructed under the Maumee River. This 
a. work cost about $10,000,000, and was practically completed in 1941. _ 

_ Harrisburg, Pa.—This city, which since 1905 has purified 

River water as its supply i in one of the pioneer masonry rapid sand filter plants, — 

has now constructed an upland impounded supply which at i: so far as 

the Committee is informed, is not filtered. — 


Water Suppiy PRosEcts Drirectty RELATED LATED To WAR 


_Cantonments and Other ‘Military Posts. -—Numerous | cantonments and 


enlarged. These all required new or 


which h the following data been taken: 


st tations using purchased water. 
Stations having some type of water supply plant. . 
Stations having filtration and treatment plants. . 


¥ iltration and treatment plants 


: ‘The mileage of water main is greater than that of New York City an and the 7 


ater consumption is well over ‘half that of New York City. 
gal ne: viel in the United States and 1.5 to 25 gal per « capita for the expedi- 
tionary forces in the World War ending (1918. Direct sanitary flushing 
; fixtures instead of flushing fixtures of the tank type ar are used in the present 
equipment. This. condition and the simultaneous habits of military organiza-— 
tions have combined to make _the peak demands very heavy, so that 


allow: ance of 100 gal per capita has not been found to be too large. a 


Detroit. tremendous expansion 0 of v war plants in in. Detroit as 
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of 16 i in. or 20 in. in crowded streets. The total length of new main ‘financed _ 
by the Federal Works Agency (FW A) is stated to be about 60 miles, costing 


— Mill Creek Supply. pen —This 15-mgd ome for the Wright Aeronautical 


Corporation at Lockland, Ohio, includes eleven gravel packed wells at the 
Miami field south of Hamilton, Ohio, tw: enty miles of 36-in. and 42-in. concrete 
transmission — main, and a 15- mgd reservoir. _T he pipe f follows the hydraulic 
gradient a as nearly as. practicable. Only 36 lb of steel per linear foot of 36-in. 

- conerete pipe were used. — : This i is the weight of a steel shell 36 in. in diameter 2 
and 0.093 in. thick, or about one third the thickness of a thin steel y pipe which 
might be used. — The reservoir was in balanced cut and fill with plain concrete 

4 lining, and roof of timber construction. This $3,000,000 project required less 

1,500 tons of critical material. 

“ Bewsion, Tex.—A raw water supply | consisting of a low-lift pumping station 
on the San Sutlhe River and a canal system to carry the water ten to twenty 

. miles to the industries located along the Houston ‘Ship Channel is a FWA 

project i in Houston. 1. This su supply supplements the overworked ground supply. 
a N ewport News , Norfolk, and Portsmouth, V a.—New water works costing — 
about $10,400,000 have been built or are in process of construction. for these 
Z seaport cities in the Hampton Roads area. _ They are needed largely because “a 
-_ - the enormous increase in shipbuilding and in naval and military activities. 


government financed with municipal participation of $1,500,000. 
_ The ne new w works include intakes on the Chickahominy and psa ay rivers; : 


' More than half of these works are government owned and the remainder oe 


a7 yore of cast-iron transmission main 16 in., , 20 in. ., and 30. in. in phniienarootad ; 
tw two 25-mgd ‘pumping stations on the Blackw ater and the Nottaway r Tivers, 
respectively; two 6- mgd filter plants ‘and one 12 -mgd addition to a filter y ial 
two reservoirs of 2.0 and 3.76 billion gal, respectively; and other appurtenant 
— San Diego, Calif. —This city is said to have hed the greatest proporti 
grow th in population of all cities in the United States as a result of war activities. 
Its p population ¢ of 202,000 in 1 1940 has become 350,000. _ Water supply : and other 
facilities: have had to be enlarged to meet this suddenly increased demand and 
plans that had been visualized for about the year 1960 have had to be : materi- z 7 
alized at once. _ The 26.6 mgd estimated safe yield of its fi five ve storage reservoirs is 
“sufficient only for a population of about 250, 000—hence another storage reser- _ ms 
Voir is - being constructed on a tributary of the San Diego River below » soi 


| 


existing El Capitan Dam. new reservoir will cost about 550, and 


Ww with the expectation of completion i in nF ebruary, 1943, i in time to fo impound what | 
may be left of the winter runoff. This i is a dry country and the « cycle of fill and 
draw for storage | reservoirs extends not simply over a year or r two but over 
Pethaps eight or ten y years. rs. Transmission and distribution mains 1s costing ‘nearly 
§ «=—-_: $8,500,000 are also being installed, with the aid of about $2,100,000 in federal 
a funds. The new dam, called San Vincente Dam, isa straight gravity structure, 
= 0 ft long and 200 ft high, with a 275- ft spillway i in the center. - It is constructed to 
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of concrete. The reservoir has a capacity of 75, 000 acre-ft, or about 25 | 


Gibraltar, Spain. —The supply for this fortress was formerly from sixty 
acres of catchment areas partly : surfaced with concrete. | Since 1936, two w vells | 
have furnished most of the drinking water. - Reservoirs of an aggregate ca- 


- pacity of 24 million gal under 60 he of ‘rock ¢ cover have now been added, als also’ a 


_— 


CooRDINATION AND ‘DEFENSE oF WaTER SupPLIES IN WARTIME | 


telegram dated December 8, 1941, the day after the Japanese surprise 
poner on Pearl Harbor, sent by the U. S. a general to state state departments 


of health, urged water orks officials: 


To take immediate steps against sabotage; 


(2) To provide guards at danger points; and 
(3) To step u up chlorine. dosage to provide 6 higher residual throughout. the 
distribution system. This last request has not met general 
compliance on account of the disagreeable effect on the quality of the 
ow ater and the feeling that itis not necessary. 


a 


_ Much te based on English experience had been given to w ater ‘ supply prob- 

lems in war \r previous to this time by y Ww vater we orks « associations at and organizations. 

Prevention of Sabotage. —Guards, fencing, and flood lighting are being 
by important water supply } plants to the extent of their financial ability. 

‘Except i in a few critical areas where the Army has occupied the region of water : 


works propert ty, and except temporarily for a short period after the surprise 


attack of the Japanese at Pearl Harbor on December 7 i. 1941, the protection of - 
— water w orks property has been laid by the Army and Office of Civ ilian Defense 
(0. C.D.) at the door of the “utilities. The pleas of the utilities, whether 
municipal or private, for military guards at public expense generally have gone - 
unheeded, though state guards have been furnished in some instances for part 
of the force, and police have functioned i in the city areas, a 
- Considerable coercion has been exercised by the Army, and in some cases 
7 by the state, in compelling such protection. — 7 In New York State, for example, 
- penalties have been made applicable for non- compliance. — L sarge additions in | 


_ operating expense have been incurred because of the employment of three shifts. 
of guards at important points. So far as the Committee knows, no increase in 
water rates has been permitted on account of these expenses. Such increases 
for private utilities must be | approved by public: ‘Service commissions, , who 7 
4 regard the increased business as an offset to ‘the c cost of guarding without con- 
_ sidering that the increased costs of labor and taxes are more than sufficient in 
general to offset the » gains” from additional business. The Office of Price. 
Administration also has general jurisdiction over water rates as a part of its 7 
— to prevent higher prices. The Committee “has been in informed that 
there has been a relaxation in the guarding in 1 several areas, and perhaps this 
7 Fencing and flood lighting at dams, pumping stations, and filter plants have 
. 7a been adopted commonly. Wood has had to to be used for some of the fences on 
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account of the scarcity of steel and the conseq uent inability to obtain priorities 


_ There i is a considerable Mie of opinion even among sennenite as to the 
_ effectiveness of guards | and lighting. By some it is thought that organized 
ae would evade or overpower bys surprise attack s any guards: that could be 


Ww ait be prevented. The sy systematic work ‘of the F ederal Ronen of 
gation (F.B.I.) in investigating aliens and enemy sympathizers throughout the 
country and particularly among smaployes of key plants, and in causing arrest 
or internment of dangerous persons, is thought by many to be the main safe- 
guard because it largely prevents pore sabotage. Fingerprinting of water : 
works: has become a a rather practice, and these 


at least for areas water near dams. The at this, 
saying: that they : are the best nies samme and that they work without: 
Contamination by Poison or Disease This form of sabotage has been 
i much thought and discussion. Some operating organizations, notably | 
Los. Angeles. and Detroit, have greatly eased the number sod of their 


‘their is a ‘a destroyer of most poisons | as well as germs. ns. ‘te 

“use in greater quantities has been urged by certain public health officials. 4 The © 
maintenance of a 0.4-ppm residual of chlorine i in all parts of the system was ‘the | 
recommendation. Much opposition to this policy exists and, so far as this 
Committee i is informed, the practice has nc not been 

consensus among sanitary experts seems to be that ‘it takes so great a 
quantity of poison to damage to health, or death, and the e tastes are 
~ generally so noticeable that the danger of poisoning a large water supply is: 

small. Disease germs are likewise difficult to inject on a large scale and are 
hi ‘killed by chlorine. Small-scale application of disease germs is a recognized 


- possibility, but no cases of this kind of sabotage have been reported. In 
_ territory taken over by advancing troops, poisoning and contamination of water — 
“supply abandoned by retreating forces are common, and no advancing troops | 


omit thorough pr precautions before use of such supplies. 
>. 


Decontamination In cooperation with the Massachusetts Committee on 
Safety, the 0.C.D. and the U.S. Army, the Division of Sanitary 
Engineering has formulated a program of decontamination o} of areas polluted by 
war gas, including s sources of water supplies and areas where foods are — 

s connection with this program, four schools were conducted at the Massa- 7 

. chusetts State College, at Amherst; 181 chemists and bacteriologists have been 
“trained : at these schools and are now available to identify \ war gases and detect — 
pollution of water mains following enemy 


j 
7 

| oa In water supplies having many outlying storage reservoirs, general patrolling | . 

is impracticable and various devices have been used, such as periodic car patrol ; oe 

e or boat patrol with telephonic control, either with or without benefit of two-way 3 
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WATER SUPPLY _ENGINEE ERING 
Precautions in Preparation for Bombing Attacks —Water Ww vor ks organizations 
roughout the country have been wor 

- bombing attacks since the Pearl Harbor attack on December 7, 1941 . Many — 
had studied the English experience months earlier, both a as a matter of interest. 
and id because expectation of war was general before Pearl Harbor. Citizen 
- ~ committees of all kinds were formed to ) study procedure for eliminating, during | 
threatened air raids, and obscuring, at other | times, all ‘street and all building 
lighting visible Siete w rithout; for siete first-aid to the injured; for r providing 

and marking the safer points of refuge; for extinguishing individual incendiary — 


bombs shutting broken water mains; for providing 


and for other eset found by English experience to be necessary in case of 
bombing. a These citizen activities finally became focused in the 0.C.D., , first 
headed by’ the | Hon. Fiorello LaGuardia, _ Mayor of New York City, and Mrs. he 
Eleanor Roosevelt, wife of the President of the United States. ivingee _— 
In the meantime, the myriad water supply associations, including pre- 
‘4 eminently the country-wide American Water Works Association and the New. Py 
England Water Works Association, also the state boards of health, were not _ 
‘behind. Through many local and general meetings and committees they de- 
, veloped the technique of safeguarding water supplies and restoring _ to 
service as quickly as possible when damaged. 
-. This report could be made of book-size, devoted to this s subject alone, - 
still leave untouched many of the available data. For the record a mere 


catalog of salient principles developed with the aid of English ¢ experience will be 


a ae ‘The mapping or the improvement of existing maps of the systems, with 


particular Teference to location of valves to permit shutting of broken mains and 
- preventing unnecessary drainage of the system: in many cases the making of 


valve location sketches with ties. 


. The inspection of valves to see that they can be operated and will al / 


Soe _ The installation o of additional valves to reduce the size of shut-off areas. 
a (This | practice has been een emphasized by the British—but probably has not been 


_ followed to any large extent i in the U: United States. ae jeu inte 


4. The making of cross connections between adjacent water supply systems — 


__ wherever practicable—this is also a lesson from the British. OAS great many 
cross connections have been made. One difficulty i is the small size of those 


“outlying pipes which are near enough 1 to be connected at reasonable expense. 


Ih important cases federal aid has been sought, but it is very slow i in materi- 


‘given. » These: principles, as they have been sorted out by the Committee, are as | 


 dalng after initial approval. Initial legal inability of municipal p plants to go 


_ outside their corporate limits has been remedied by legislation i in some states. 
ee 5. Providing supplies o of quick repair equipment for broken mains. Such 
oe joints have been designed in imitation of and improvement over English devi ices, 
ner - but this Committee believes that scarcity of funds and of material allotted by | 
such material. The 
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M arch, 1943 ‘WATER SUPPLY ENGINEERING | 
same has become true also for common pipe line supplies. . At first, considerable _ 
: stocking - was done, but this was forbidden by the W.P.B.; >and what awe 
_ sider as over-stocks are being us used or are 2 to bet used fora approved extensions, one 
utility being permitted to buy from the over-stock of another. errata 
_ 6. The provision of means for applying chlorine or hypochlorite of lime 
solution in very liberal quantities in stretches of pipe near breaks. ~ English 
experience has shown that contamination from sewers or sewage-polluted earth 
may b be driven far into the pipe at such points by bomb explosions. - Consider- : 
able ‘quantities of such ‘sterilizing ‘equipment have been stocked 
4 utilities, | but the companies supplying such 1 equipment no longer ¢ on supply 
much on account of demand by the Army and the gov - nment for lending or 
leasing to allied nations. wey 
The storage ve of chlorine and chlorine equipment at central pointe i in some 
states. 


Interchange men and equipment between bombed areas. 
8 Last and most important, organization for mutual aid, repair, and 
nag ment during and after raids. — The general pattern has been a state — 
OF 

organization of civilian defense under the general supervision of the 0.C.D. 
with districts: within the state | and municipal | subdistricts. A water coordi- 
nator for: the state together with branch coordinators in districts is given 
general supervision of water works operation in case of bombing. © They, in 

‘turn, 1 must fit” themselves into the general picture _ of state civilian defense 


administration. — 7 Sometimes the state governor assumes the headship; some- 


times an appointee ‘of the gov ernor. 
Hundreds of courses have been | given and have been attended by w ater 
coordinators and utility personnel. Additional personnel have been 
for voluntary aid in doing the increased work entailed by bombing, and, 
although’ all parts of the country seem keyed for a crisis in bombing, fortu- _ 7 


nately training has not yet use experts hold 


some bombing from based in Canada or long- “range bombers 


or other er sources; and | they have not limited the danger zones to any y part of 
the country. . The new geography of great circles available to airplanes has 
shown some remarkable changes in accessibility. Pe eee 


Camouflage of W. ater Supply Works. —The Committee knows of elaborate 


studies which have been made for camouflaging one large and critically located 


p: dam. A. cheap camouflage material has been found which will float and = 


be removed cheaply and replaced i in different to fc follow the 


_ Protection of Dams. has been considerable discussion at meetings of 


dams to bombing The Committee is not aware that any report on 
this subject has been made available to water supply officials by military or 7 
— other experts | from whom information . has been sought; but it has heard in- 
formal views: expressed by civilian engineers who have ‘relations with the 
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military At least some of these authorities appear to believe that 
demolition of large dams by aerial bombs is possible but that such dams “f 
i ‘another hazard, not more important than a big war plant, ‘and must take 
their ¢ chances: wi ‘ith the other important facilities for supporting the war effort. 


This 1 view is apparently colored by the present trend of the e war which, oct 


4 


_ for hostile submarines, is away from our shores. _ The Committee regards pro- 


_ _ tection of large dams as a proper subject for i inquiry by owners and defense 
= having responsibility for such structures, particularly those in ore 
4 locations where demolition would cause large loss of life or would cripple vital — 
water supplies. In a a war which is likely to cost the ‘United States several 
4 hundred billion dollars, the expenditure ofa few millions to protect vital water 
supply s structures would not seem out of proportion. Committee feels that 
the relative magnitude of the catastrophe which would be caused by loss. of 
the principal storage reservoir of a large city is not fully understood by those 
7 4 who are not regularly connected with water supply operation. A loss of all 
stored water, apart from loss of ‘life, might not be replaceable for a year or 
— Design of Dams. —In former reports the Committee has noted the lack of 
‘pronunciamentos- from this ; Society regarding proper pro provisions 
for uplift water pressure and i ice pressure it in designing new dams and checking — 
old ones. Committees have been appointed but have not functioned . These 7 
= have not not: lost. their importance by the Society's neglect in 


Droveuts, LOODS, AND SPILLWAYS 


Ly A severe drought poner in the northeasterly par part of the United States | 
during 1941 and the early part of 1942. Rainfall deficiencies in 1941 were 
from 11 in. to 27 in. in ‘Maenienite and’ Connecticut. - Some of the streams 

had their low est flows of record. At the ‘same time, in . Kansas and another 
section of the Middle West, extremely heavy rs rainfall caused stream flows that _ 

in the Kansas area reached nearly : a hundred times the normal October flow . 
and were greater than any recorded previously. _ Storage i in the reservoirs of 

_the City of New York was reduced almost as much as in the record drought of 
1930-1931 , and the skilful publicity campaign to conserve water had to be 

augmented.  Duei in part to this campaign and in part to migration of popula- 
tion with the war, New York City now has a w ater consumption as low as in — 


the year of most severe depression, 1982, 
The City of Rochester, N. . Y., als also | had ud very lo low storage. : It had to purchase 


water from other sources. 


Floods.—Various parts of the country have ve experienced floods of record 


7 ‘tensity during the past three yt years. At the « end of February, 1940, rainfall 
_ of 8 in. or more on the watershed of the Sacramento River in California created 
greatest recorded flood. At Kennett, Calif., the river 1 rose 3 ft above pre- 


would shave been checked. 
In southern New ; Jersey, on ‘September 1, 1940, , there was a rainfall o 


approximately 1 10 i in. ‘The runoff from this rain caused the progressive failure 
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that had withstood floods s since Colonial 
Between May W and 23, 1942, rainfall aggregating up to 7.85 in. n. occurred | > 
in the watersheds” of the Lehigh- Schuylkill, and Lackawanna 
rivers } in Pennsylvania. | Much « of this rain fell i in the early evening of May 22 — 
and great damage was done. One small masonry dam that had stood for : 
about seventy years was. completely breached, and many others were some-— 


overtopped and The computed runoff from several 


most iolently. Gravel and boulders were nstream, 


regular channels i in many places. The s streams there moved delta- -wise into 


new y channels, washing ¢ out bridges and concrete highwa: ays together v with long 
sections aggregating feet w vater mains, some as large 30 i in. 


ee, onl other odd measurements, is made by U.S. We: eather 
‘Bureau. — Reports showed rainfalls up to 38 in., and later reports indicate — 
that 35 in. nh. Was certainly reached, mostly in 18 hr and much of it in 12 hr. 
J. W. Mangan, Am. Soe. E., district engineer of Pennsylvania State 
‘Hydrographic Service, permits the ‘Committee to quote him: “There is no 


doubt that, within an area of at least 500 square miles, the precipitation was 


the greatest by far ever recorded for 12 to 18 hour in 


witnesses ‘report. the as s horrendous. Many flood flow runoff estimates: 
- have been made for this storm. _ Among those to be published by the State of 
: "Pennsylvania a are the following: 2,100 cu ft per sec per sq mile for 11.4 sq miles; a on 
2,300 cu ft per see per sq sq mile for 6.59 sq miles; 2,400 cu ft p per sec per sq mile 
fo for 6.73 sq miles; 2,100 cu ft per sec per sq mile for 7 7 06 sq. miles; 3,300 cu ft 
“per sec per sq salle for 0.1 sq mile;? 3,600 cu ft per sec per “4 wile tor 0.4 sq_ 
mile;? and 2,400 cu ft per sec per sq mile for 2.14 sq miles. a ben eo. 
es Space limitation prevents more than passing reference to eo of 1942 
in Maryland, Virginia, and West Virginia in the Potomac Valley and that of the - 
Ohio River caused by 63 hr of rainfall ending on December 31, 1942. 7 
pillways.—The tendency | to make spillway ays s more “liberal continues as 
records” of large floods are added. It is not a cheerful 1 thought that many © 
existing dams are bound to g go out with lapse of time as storms of high a 


chance to “hit. the valleys in which they lie. While it would be. physically 


- possible to remove the » danger, it is not economically possible, just as protection 
af all buildings from lightning» is physically but not economically possible. 
The degree of protection must depend on the ‘magnitude of the ceaenael which 

be caused by the failure. 


_? Areas of watersheds in doubt 


of a number of small dams, and several municipal water supplies were tem- q oe 

& 

— 

| — 

_ 18-20, 1942, in the region of Port Allegany, Pa., partly in the Susquehanna es 

and partly in the Ohio river basins. Rainfalls of tropical intensity occurred. __ es 

— 


WATER SUPPLY ENGI ENGINEERING Reports: 


There i is, however, a decided tows ard larger spillways” , in 
part, by better erento records of storms which tend to give en engineers in 
each locality a more lively i impression of the chances of greater floods in their - 
various localities, also in part by the participation in recent years s of federal 7 

a when who are less influenced by the economic considerations that have a 


part—often too a local decisions. As an indication of the 


Q, Cusic Feet Per Seconp PER SQuaARE Mie 


rea, A, U.S. Engineers >, 
1 1919 re From a 1941 formula, used 
(sq miles) | considerably, July, 1942,¢ 
tions of an | curve by ‘in “‘low dams, uly, 
eastern state state? | Q= 7,100 


From suggested | Curve required 


| 
270 
(145 


4 Based on an inclusive curve of floods up to that date but since exceeded. This state has now no fixed 
maximum provisions for spillways but determines quantities according to local conditions of watershed, 
pondage, damage which destruction of dams would involve, ete. » Published by the National Resources 
in 1938. the “ maximum case, namely 2,100 cu ft ‘per sec 

aQ= in order would require 


of 6, 6,25 50, seen, 5,600, 


a In the July 1, 1942, i issue of the Delaware Water Supply News, Francis B. 


/ Marsh, M. Am. Boe. C. E., » designing engineer of the New York City Board 
of Water Supply, states that from a study of flood flows and the formulas de- 
for estimating the Maximum flood flows: he has concluded that the best 


drainage area is 977 sq miles. The formula is R = in which is” 
A 


the maximum rate of runoff in sili feet per second per r square mile and Ai is s 


Rec in “square miles. _ Mr. Marsh states that in the ‘small a areas, between 10 


. and 100 s miles, this formula n mi ht be modified to read R = a . 


It is surprising how small some ‘spillways ays have been made and are still being 
‘ar where t there is no governmental compulsion : and | even Ww vhere there is sup- 
posed to be ¢ governmental supervision. - Many, perhaps most, dams 40 to 75 
years or more in age are found to have spillway capacity often much less even 
than the second column in Table 2. - Only occasionally does such a dam fail; 7 
when it does, old ill say the as the gr greatest in their 
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“WATER ‘SUPPLY ENGINEERING 


floods, such as provide the contr olling points on enveloping 


= curve es a those noted in Table 2, take a small but relentless toll of such dams 

when chance | brings the intense rainfall to their particular 1 valleys. ape 

‘The subject of spillways is one to which the Society, as a . body, could give 

_ more attention with advantage. It is not enough to list huge floods which 

ill tear even if not by dam To 


In the the a hydraulic engineer high repute to ‘ 


spillways as big as the Lord will let you” seems to be a good rule. 


A 
Pontricatron 


‘coagulating property may not equal that ‘of the pr sulfate 
used, it is in approximate proportion to the iron and aluminum sulfate present. 
Water works are able to obtain sufficient chlorine for sterilization of the water. 
Before w war was declared there was a tendency toward higher | chlorination 
ol of water. : This trend has not been stopped entirely, and those places practicing 
: higher chlorination i in most instances are continuing with the treatment. Z ‘The 
- main advantage of the high chlorination is increased bacteriological removal, 
though improved taste is reported in some instances. ae 
The addition ¢ of ammonia for partial dechlorination of the water following 
the addition of a high dosage of chlorine is being g given ‘some consideration. — 
‘The highly polluted water on the South Side of Chicago, taken i in from the lake 
at the Dunne and 68th Street cribs, was treated i in this manner er the last. three 
months of 1942 . In places where the treatment is being tried, there is no evi- 


Fonsi: at mere that it produces better a: of the water t than would 


_ Also, there is no evidence of much change in the taste of the water over straight 


The use of -hexametaphosphate for corrosion prevention i is increasing, though 
investigators are not in agreement as to whether it actually prevents corrosion - 
or merely removes the corpus delicti. It may be noted that there is still a wide - 
field open to water chemists i in treating water so that corrosion, as manifested i 
uby reduced ¢ carrying capacity, , will be slowed down at least. In the application - 
of pipe cleaning m methods there is great need of € economical water treatment 
that will prevent r1 rapid 1 re-tuberculation after cleaning. ith such treatment, 
pipe cleaning would become e enormously more effective. 
Effect of Copper, Brass, and Zine on Humans. —The Committee would call 
: ie to a series of scholarly articles by Dr. Frank E. Hale on this subject, 
q ‘published i in Water Works ne dated January 28, February 11, Febru-— 
ary 25, a nd May 11,1942, 


the water in the ‘distribution system the same chlorine. 
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“WATER SUPPLY ENGINEERING 
ne ensus of Water Treatment Plants.- —A notable census of — treatment 
plants in the United States requiring more than two years was made by the 7 
U.S. Public Service beginning in 1939 and reported in the March 20, 1942, 
issue of Public Health Reports. A full summary appears in the December, 
ee. Journal of the American Water Works Association. _ The detailed data 
a of each ch treatment plant are published i in the January 27, 1943, issue of Water 
WwW orks s Engineering. dt ‘appears that more than 74,000, 000 out of a national 
population of about 131, 700,000 ) enjoy w water that has been treated. | Statistics 
are available for +5, 372 treatment plants” serving | about 62,500, 000 people. 
a About h; half of these plants, | serving, how ever, only about 19,4 400,000 people, use 
as their principal treatment, generally with some other adjunctive 
4 treatment such as aeration, sedimentation, or coagulation and sedimentation. 
- One hundred and thirty-eight plants serving about 500,000 employ | some treat- 
‘ment | _ other than filtration and do not use chlorine. | About 49% of the 5,372 
— plants of record receive their raw water from surface sources, 46% 
from ground- water sources, and the remaining 5% from a combination of 
‘ground and surface supplies; but the population served d by surface sources is a 
‘higher percentage of the total—about 73%. 


Commirrre ON SURVIVAL AND RETIREMENT W ATER Works FAcILitIEs 
_ ae ‘Committee of the American Water Works Association on Survival and 


Retirement of W ater W orks Facilities, under the « chairmanship of LR, 
Howson, M. Am. Soc. C. E., has made a notewor thy progress report of statis- 
- tical data on the life history of cast-iron pipe lines, valves, hydrants, and 
7 meters. One of its. purposes is to furnish reliable data for the use of the De- 
_ preciation Committee of the National Association ‘of Railroad and Utility 
Commissioners which is making. a a monumental report on Depreciation. . The 
war is interfering with the pee of all this oe work but : it has not 
been halted entirely. 


R. Bayuts 
‘Committee of the ‘Divisio 
Water Supply Engineering 
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CONFORMITY BETWEEN MODEL 


SYMPOSIUM 


Discussion 


GLEN Maw Soc. C. E 7 


N. Cox, 19 M. Am. 


‘Soc. Cc. 19¢__ The various papers of this Sym- 


_ The paper by Mr. Soucek i is of special interest to the w riter since it deals 
ith a dam | operating as a submerged weir. definition of submergence 
quoted by Mr. - Soucek ek infers that a a weir can only be submerged if the elevation 7 
of the tailwater is above the crest of the weir. This assumption is satisfactory 
for any weir not having a sharp crest. E 
as a submerged weir w hen the tailwater elevation is lower than. the 
crest elevation . This is true because it is impossible to ventilate the underside 
of the nappe properly from the sharp-crested weir when the tailwater elevation 
approaches the crest elevation. A desirable definition of 3 a submerged w weir is 


weir is said to submerged whenever the tailwater rises to such an 


that the discharge over the weir is affected. 

‘Mr. Soucek i is correct when he states that the discharge over an ogee ¢ crest 

‘is not materially affected when the submergence i is less than 45%. 


Mr. Soucek chose appropriate words in the statement (see heading, “Com- bie 
‘ment: Measurement of Tailwater Elevation’ 4 


_ ~«* * * the water level near the dam is ata lower elevation than farther 
downstream. The reason for a negative slope in this reach is a readjust- 
ment of velocity distribution which has an effect that is similar, as regards a : 
energy transfer, to the recovery of pressure head which occurs in the 
diffusing cone of a venturi meter.” 

i} 


i Oe Nore.—This Symposium was published in October, 1942, Proceedings. Discussion on this paper has” 
_ appeared in Proceedings, as follows: December, 1942, by A. E. Niederhoff, Assoc. M. Am. Soc. C. E.; 
7 _, 1943, b onsen C. I. Grimm, and Joe W. Johnson; and February, 1943, by V. L. Streeter, Assoc. o 


19 Prof., and Hydraulics, Louisiana State Univ., Baton Rouge, La. 


Received by the Secretary February 15, 1943, 
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COX ON MODEL-PROTOTYPE CONFORMITY Discussions 
‘The downstream p pressure should | be measured at the point of minimum > 
“pressure, n namely, at the throat of the venturi tube. The head recovered down- 
_ stream from the throat of the venturi meter | varies between rather wide limits 
and depends w upon the original turbulence, the angle of divergence, 1 the viscosity 
of the fluid, the roughnéss of the surface, and possibly upon other factors. 
Although it would be possible to calibrate a given tube and thus obtain a 
‘relationship between the discharge and over-all pressure drop fora given fluid, 


it would not be reasonable to expect | that the same relationship would | hold for 


the same tube with a different ‘piping | arrangement or in transporting a fluid of a 


decidedly different phy: sical properties. either could the calibration be used 
tubes of other proportions and angles of divergence. On the other hand, 
“calibrations that are based upon a downstream pressure reading taken at i: 


7 throat can be used for predicting the discharge from other tubes and for other — 


fluids flowing the calibrated tube. 


reasoning applies to the st submerged weir. The magnitude of the 
_ recovery head downstream from the low pressure point depends upon the pro- 
ortions and roughness of the channel downstream from the dam. No two 


p 

nat tural channels could be expected to be similar in this reach, nor would the 

Teach ches upstream and downstream from the crest be similar. Fig. ¢ 67 vamomet the 


Upstream Crest Height=2.13 Ft 
Downstream Crest Height=2.13 Ft 


Upstream Crest Height = 2.13 Ft 
Downstream Crest Height =6.11 Ft é 
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> 20 30 40 SO 60 70 
"Percentage Submergence Based on Maximum 
67.—CoRRECTION Conve FOR PERCENTAGE SUBMERGENCE at Low Pornt Carst 


difference i in percentage submergence when the tailwater elevation is , measured 
near ‘the dam as compared to the value when the tailwater elevation i is measured 


at the point of maximum recovery. ta These values were measured upon a sup- 
pressed weir, there being no lateral | expansion downstream from the crest. 


4! transfer of energy is more when the amount 0 the 


g sary i in n the test arrangement an that, therefore, ‘the tailwater elevation ak 


_ Mr. So Soucek referred to the maximum submergence for which the plunging 
‘nappe condition. might be Fig. shows a different method of 


7 


Submergence (Percentage 


in 

of 

— 

— 


CON FORM’ ry 


presenting this subject. vali 


Wi isconsin study (45).1% 
The discharge over an ogee, submer 


formula 
29) 


in w hich Q Q is the time rate of discharge, in cubic feet per second; L is s the length 


of the pry in feet; Hj is s the: measured nes on the dam referred to the crest, 


+ P=124Ft | 
P=2.13 Ft 


e (Percentages) 


fea) 


8 
2 


7M FOR PLUNGING Narre Fiow 


in feet; V is the : average upstream velocity of flow; -g is the : acceler ation due to 
gravity; C is a coefficient; and n is an exponent. bp - Both C and n depend upon 
sec tion of the crest, the of flow, the submergence, and possibly ot 


69, in 1 which the section of the Soucek crest has been aided for 


purposes. The lateness equation for _ Cox crest with the vertical back was 


3.895 L 


March, 1943 cOX ON MODEL-PRoTOTY?rE 
| 1es used in Fig. 68 were obtained from the  - 
q 
+ 
= 
ol 02 03 O04 05 (06 07 os 
iis Fie. 68.—Maxmt 
1% Numerals in pare orresponding items in the whisk 
&ppears as the last unit of t d of discussion in thisissue. 2 


COX ON MODEL-PROTOTYPE CONFORMITY Discussions 


When the sloping approach was added to this same crest, ia the discharge 


= 3.725 L | += 
— n — of the Soucek data — the dise 


ng the sloping mans was given by Eq. 2a, in w hich — 


-_ and Si is the submergence ratio based upon a tailwater reading taken near the 
: crest. _ W hen S = 0, the values of C and n given by Eqs. 22 become the same 
as those given in Eq. 2lec. a A trial solution also shows only ‘slight variation in 
ee and n for values of S less than 0.5 5, which supports Mr. Soucek’ s conclusion: 
that the 1e submergence need 1» not be considered for values of S less than 0. 45. 


TABLE 10.—SuBMERGED Dam BEHAVIOR 


Adjusted S (PERCENTAGES) | Indicated | Difference, | Q, Eqs. 21a| Difference, 
Q; model | Cols. 1 and 23 | Cols. 5 
(cu ft (cu ft (cu ft per and 8 
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‘The: ‘data contained in Table 9 have been computed to furnish Tabl 
‘The discharges in Col. 6 have been obtained by use of Eq. 21d. Judging by the 
io values i in Col. 6, me Soucek crest experienced little, or no, diminution of dis- 


e 10 


— 

harge equation, >. 

both the coefficient and the exponent de- 

"crease as the crest is made relatively less sharp. 

the Cox crest 

ha 

| 
a 

1 596 — 0.035 — -(22b) 

, 

ae 

2410 7 1 

9,650 

12,500 il 

9,680 

15,800 

14,650 

6,580 
,890 

7,340 | | 
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1948 cox. ON MODEL-PROTOTYPE — 


_ charge because’ of submergence. Also, the measured discharges for a higher 
a -submergences are in excess of the true discharges and to find a satisfying ex- 
planation for this conclusion becomes necessary. . During the testing at W is- 
consin (45), the writer observed that there was an upstream current near the 
floor of the channel on the upstream s side of the weir for all flow conditions and 

- that there was an upstream ¢ current near the floor of the channel on the down- 


‘stream n side for the flowing nappe type of flow. Mr. Soucek that the 


vations on Prototype’’). this statement, it must be that one 
or more gagings were made within 30 ft of the ice jam. _T he proximity of this" 
barrier and the depth of the water on the ‘upstream side of it certainly | would. 
indicate that an n upstream current existed near the bed of the river at the gaging 
_ station. ' Such an upstream current could not have been detected by n means of 
Price current meter, which was used ir in making the gaging, and a computed 
"discharge in excess of the true discharge would result from such an ae. . 
current. 
vr Should the same reducing factors for C and n be assumed to apy to apply for the 


Soucek crest as did apply for the Cox crest with the approach, the following 


¢ 
C= 3. 1 — 0. 193 


_ Egs. 21a and 23 have —_— to compute the discharge ov over the ee 
crest and the results appear in Table 10, Col. 8. These values have been com- _ 
- pared with the discharges which were indicated by the model (Col. 5) to give 
Col. 9, Table 10. _ Considering the rather great difference in the section of the 
crest, the agreement between the values in Cols. 5 and 8 is remarkable, and it 
must be concluded that the model tests were conducted very c ead by Mr. 


Bibliography. 
(45) — ee Weir asa a Measuring Device,” by G. N. Cox, Bulletin 
a. 67, Univ. of Wisconsin in Eng. Experiment S Station, ‘Madison, Wis., 
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Discussions 


By JoE Ww. /. JOHNSON, Assoc. AM 


of a the falling as a pump. air 

withdrawn is replaced from 1 two o sources: (1) The air that flows through air 
a to the space . under the 1 nappe, ‘and (2) that which, upon being drawn into 

7 Lod the dow nstream pool by both sides of the falling sheet, strikes the channel — 

bottom and circulates back and upw yward to the space ‘under the nappe. The 

. a. of the writer on a 1- -ft weir indicated that the quantity of air ; 
withdrawn was proportional to the velocity of the falling sheet or, within certain — 


Tits, to the: discharge. The only of the of the dow nstream 


the s space under th all is must 
first enter through the a air vents. A direct measure of the ‘power of the falling 
sheet to withdraw air is thus determined by the insertion of a deflector. — The 
data from the writer’ s experiments on a 1-ft weir with heads never exceeding 
oO. 4 ft are shown i in Table l(a), tests 76 and 83 to 106. A plot of these data is 
shown i in Fig. i from which Eq. 1 is obtained. ee . 
between ‘Eqs. 1 and 2. — Upon examination of these equations, ‘the reader 
inclined to conclude tl that a “break”’ occurs in the > relationship between ga and qo 
at a head of 0.4 ft. . Actually, Eq. 1 was based on n only the laboratory e exp 
ments plotted i in Fig. 11, and Eq. 2 was based on both the laboratory experi- 
"ments and some data ms large Ww eir in the San Joaquin ¥ alley. The 1e extensive 
data collected since the writer's experiments have— permitted ‘a conclusive 
analysis of the problem of partial aeration as W vell as ; the design of air vents. 
Thus, by utilizing | all available data from both the | laboratory and the field, 


= 


Nort,.—This paper by G. H. Hickox, M. Am. Soc. C. E., was published i in December, 1942, Proceedings. — 


_ 4 Asst. Prof., Mech. Eng., Univ. of California, Berkeley, Calif. anti a 
4e Received by the Secretary January 26, 1943. 


_ §“The Aeration of Sharp-Crested Weirs,”” by Joe W. Johnson, a thesis presented to the Univ. of Cali 
- fornia, Berkeley, Calif., in May, 1934, in partial fulfilment of the requirements for the degree of Master 


of Science in (unpublished) 
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March, (1943 JOHNSON ON SPILLWAY AERATION (423 


n the various obser vations — 
| by 1 means ¢ of groups. view of the wide range of conditions 


covered by this. analy: sis, the author 1 proc edure for designing air vents should | 


considered as supersedin g all previous methods. 


aq in 


Circulation 
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Crest 
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r Sec pe 
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—Revation BETWEEN AND Quameers | or AIR ‘Turovcu INLETS TO THE 


OF THE NappPe oF A SHARP-CRESTED Various CONDITIONS 


OF Borrom AND DepTH IN THE DowNsTREAM Poou 


Tos show the ef effect of different of the. stream channel bed and 


ments were performed | 


where conditions existed as sh shown i in Figs. 11(c). The quantity: of 


— 

p 
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JOHNSON ON SPILLWAY AEI AERATION 
ndicated by the va various ct curves, is that delivered beneath the nappe 
peop air vents. Fi ig. 11 shows that, for a particular position of the 
dow nstream channel be , the volume of : air taken i in through the vents increases 
as the depth of pool decreases. 7 In other words, the volume of air circulate: d 
decreases as the depth of pool is decreased since the volume drawn outwar ard is 
the same for all depths. 
es W hen a deflector is placed to prevent air from entering into the space under 
the nappe by any method except through the vents, the qu qu: antity of air with- 
‘drawn is given by Eq. 49, which is based on all avs ailable laboratory and field 
data. Howe ever, if air is allowed also to enter the underside of the 1 nappe by 
circulation, less air is taken i in through the vents and the relationship between 
‘flow of air through the 1 vents and the other variables is different from th: i 
shown by Eq. 9. The quantity of air flowing through the vents depends « on 


the agen of the bed and the depth of the dow nstream pool with respec t to 


q =o {Approximate Discharge at Which Adhering 
| Nappe “Springs” Clear from ‘Weir Plate 


CEM 


_~Adhering Nappe 


Differential Pressure 0.10 Ft Water 


Depressed Nappe (Calculated 
from Experimental Data) 


3 


"Differential P Pressure = -0.05 ft Water 
= 


an 


3 


Weir Coefficient 


Discharge Q, in in Cu Fi Ft per Sec 
Fig. 12. = EIR FOR Var ARIOUS oF AER ATION 


_ A reduction in the pressure 1 nder the nappe depresses the nappe inw ard and 
“reduces the head on the weir a certain amount. effect of depressing the 
-nappe generally expands: the cross-section area of ‘te nappe at the crest and 
thus i increases the e discharge by making the head m more effective. | The net result 
f tk to increase the weir coefficient. m For. example, Fig. 12 shows the variation 
of f the w weir coefficient with the degree of aeration for the 1- 1-ft weir tested by the 
writer. = For a certain head the effect of prev enting free access of air to the 

underside of the nappe g gives a discharge greater than that obtained by complete 

aeration. A maximum increase in discharge of 23% resulted with an 

hering” nappe, and the “wetted underneath” and “depressed” conditions gave 


increases of 18% and 6% ., respectiv vely. — 


“Hydraulic Laboratory Practice,”” by John R. Freeman, A.S -M. E., . 1929, . 147. 
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DISCUSSIONS 


SE PROB LEM IN SEWAGE TREA’ TMENT 
Discussion 


GREA 


ALMON L. FALES AND SAMUEL A. GREELEY, 
= 
ALMON L. AND SAMUEL A. ( TREELEY MEMBERS, Am. Soc. C. 
7 —Mr. Weston’s discussion of this | paper is the result of | a large amount of 


analytical work and experimentation based on a forward looking conception of | 
the problem in Boston Harbor. _ The data presented illustrate the elusiveness 
of the Table 8, for instance, i indicates a near- -maximum 


periments i in aeration, return pt and salt. ‘The 
‘sion indicat ates a le: eaning toward plain sedimentation for the vomevel of fats. 
- ~~ Ludwig has p pr resented ai an up- -to-date discussion regarding the analytical 

determination of grease. His statement that the determination of grease in the 7 
laboratory should be related to design n and o operation, and should indicate. sub- ; 
"stances of sanitary ‘significance, is a good suggestion for future consideration. 
It 1 might be w ell to realize that often much grease is removed with the sludge 
as well as with the scum. 7 In general, this discussion prompts the sugg gesfion - 
7 ; by the writers that operating records could well be kept in the form of a grease 


balance i in which the grease in the raw sew age would be distributed to the 


wd 


7 oe recovered in scum and sludge plus the grease in the effluent. 
— No ote i is made of the discussion by! Mr. Mahlie which prompts the suggestion 
by the w vriters that those studying the grease problem should refer to his 
Ss The discussion by. Mr. Dickinson states that the practice of burying grease 
‘cannot be condemned too strongly. In the op opinion of the writers this state- 
_ _ Nore.—This paper by Almon L. Fales and Samuel A. Greeley, Members, , Am. Soc. C. E., was a 
in February, 1942, Proceedings. Discussion on this paper has appeared in Proceedings, as follows: ee & 7 
1942, by Arthur D. Weston, M. Am. Soc. C. E.; May, 1942, by Harvey F. Ludwig, Jun. Am. Soc. 
mk 1942, by W. S. Mahlie, Esq.; September, 1942, by Messrs. Denis Dickinson, and Charles R. Vay! ; 
and November, 1942, Proceedings, by F. M. Dawson, M. Am. Soc. C.E. iit 
Cons, Engr. (Metcalf & Eddy), Boston, Mass. 
18 (Greeley & Hansen), Chicago, Ill. + 
= ‘a Received by the Secretary February 1, 1943. oe 
: 1b Numerals i in parentheses, thus: (13), refer to corresponding items in the Bibliography of the ‘paper — 
= 


| AMERICAN SOCIETY OF CIVIL ENGINEERS ea” 
| 
af 
= 
— 
» 
mig 


PALES AND GREELEY ON GREASE IN SEWAGE ‘Discussions 
-{ ment does not apply to the smaller sewage treatment plants with sufficient 
"adjacent land area for disposal by burial. This is a dials method which 
~ avoids some of the operating problems of § grease disposal in larger plants. 
| Buch operating problems are well described i in the discussion by Mr. V elzy. 


for removal of greasy scum from sedimentation tanks, the operation of pu pumps 


for handling the skimmings, and the operations required to keep scum ~ 
sludge discharge pipes free of grease, are typical “problems. requiring 


- in design. The formation of scum in sludge digestion tanks is another operat- 
ing problem. _ Such problems are accentuated by the presence : of small pieces 
of trash in the scum and sludge which Mr. ‘Vv elzy indicates can be reduced by 


screening. Another problem discussed Mr. is of 


analyses 0 or research studies might include de determinations of 
ing ng characteristics, and the Btu-content. 


Dean ‘Dawson calls s attention to the he grease i interceptor v which is a device for 
‘removing grease at the source of the sew vage. The | w riters doubt that such: a 


applicable at places. where relatively large amounts of grease are to e enter 
the sewers; as, for instance, garages and large kitchens, such as those at andl 7 


ahd Testaurants. § Such interceptors appear also to have a place at the relatively 


large kitchens of army cantonments. Several ‘municipalities adopted 
ordinances requiring 1 of interceptors at and 


of interceptors requires and inspection. 
aa - Since February, 1942, when the paper was published in Proceedings, con- 
siderable progress has. been made toward a standard mé method for the determina- 
tion of grease in sewage and it may be that the next edition | of ‘ ‘Standard ° 


- Methods for the Examination of Water and Sewage’ (1) will present such a - 


“al 


2 


“method. |The war year, however, has tended to retard the accumulation | of | ms 
data, on an operating scale, , regarding g grease in sew age, effluents, and sludge. — ny 
an 
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NUMERICAL PROCEDURE FOR COMPUTING 
DEFLECTIONS, MOMENTS, AND 


By ROBERT A. WILLIAMSON, Am. Soc. C. E. 


 —,, 


Ropert A. WILLIAMSON, Jun. AM. Soc. C. members subjected 
combined axial and bending loads (commonly called beam columns) the 


effect of secondary moments caused by end thrusts cannot be ignored safely — 
wh yhen the compressive load is any appreciable percentage o of the critical critical buckling 7 
load. This is plainly demonstrated by the results of Fig. 17 ow 
Pe _ When the beam column is one of a series of members comprising a vargnill 


ous structure, the values of the elastic constants and fixed-end moments re- 


quired for the usual ‘moment- distribution : analysis depend, in part, on th the 


magnitude and sign o of the axial load. 
_ For the case of variable section, evaluation of these ‘quantities is greatly — 
facilitated by 1 the use of Professor Newmark’ procedure, details of which 


shown in Figs. 41 to 44, inclusive, using as an example the beam of Figs. 10° 


and 11 subjected to an axial compressive load. 


Determination of the elastic constants its requires the computation of the 


4 slopes at A and B (Fig. 41) due e to end mo moments , applied separately, first at A, ; 

then at B, including the effect of the given axial load, P, in both cases, ‘assuming 
the beam to be ‘simply supported. Initial deflections, and corresponding 
3 end ‘slopes w were obtained from Figs. 10(c) 2 and 11(6). _ The first trial i is shown 


in detail for end moment M, the intermediate trials being omitted. ‘Final 


-Tesults only are shown for end moment Boo 


nae Norz.—This paper paper by N. M. ‘Newmark, - Assoc. M. Am. Soc. C. E., was published in May, 1942 

_ Proceedings. Discussion on this paper has appeared in Proceedings, as follows: May, 1942, by Bruce 
Johnston, Assoc. M. Am. Soc. C. E.; June, 1942, by M. S. Ketchum, Jr., Assoc. M. Am. Soc. C. E.; Sep- 
tember, 1942, by Messrs. John B. Wilbur, Ralph W. Stewart, and Stefan J. Fraenkel; October, 1942, by 

_ Alfred 8. Niles, Assoc. M. Am. Soc. C. E.; November, 1942, by Camillo Weiss, M. Am. Soc. C. E.; and, 

1943, by Messrs. A. A. Eremin, and Myron L. Gossard. 


eS % Stress Analyst, Vega Aircraft Corp., Burbank, Calif. — 
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@ D flections and End for Ma = 180, = 0, 25 


Fig. 10(c). 
Assumed we 
Wo = wi + Wa 0 
Moments due to P_ 
Distributed Angle Changes 


Assumed Average Slope, Part (1) H 
‘Trial 


97. 1 


2/(E 

1 
26.3. I.) 
0 r/(E Io) 


Same Deflections N2/(E Io) As 
Io) Tri 


= OO @ 
> 


‘Final Deflections wa Giving 
Same Deflections w’a 30.4 
7.6 & 4 q d2/(E Io) 


Fic. 41 AND BENING Moments ror END WITH | Compression 


&j& 


Stiffness and Carry-Over Fs Factors for 
End Slopes, — 180 


“End Slopes, Mp = =— 861 X 180 


“Total Slope, “= = = 18, Mp = — 155 


Factor = 0. 861 = 


= 1105 52 = Ka 


Stiffness and Carry-Over Factors for Right End 
— 84. 9 be) 
End Slopes, = — 0.341 X 180 
Total Slope, Mp = 180, Ma = — 61.5 pe a 


Factor = — 0. = = Cp 


180EIo .. 
= 


‘End } oments rom Settlement, A, of End B, 


ai an A B Restrained from Rotation 
0.371 - = Kat + Ca) x 0871 
Rigidity = Shear 1 1 (0.371 + 0.671) Bh. 


= 0.1739 


Fig. 42.—DETERMINATION OF Exastic’ Constants 
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Fig. 42 the determination of stiffness and carry-over factors 

rigidity from the results of Fig. 41 by : a method similar to that of Fig. 11(c). 
(The formula for end moments in ‘Fig. 42(¢) is easily derived.™) 
_ For determining fixed-end moments the additional quantities needed are the 
end slopes of the beam, assumed simply supported and subjected to the given 
lateral and axial load. Fig. 43 shows the calculation of these values for a 

triangular lateral loading condition, intermediate trials being 


ot 


Deflections for Triangular Load with P = : 
Ordinates to Load Diagram —-120 —150 —180 

Assumed Average Shear, Part H : —120 : —270 qd/180 

‘Trial Moments, Parts (1) and (2) 30 qd*/180 

Correction to Moments —20 q0*/180 

 Ordinates. of 1% "405 q 400 275 4 

Ordinates to Angle-Change Diagram —106. 7 —1013 —800 @X#/(180. Io) 

Assumed Average Slope, Part (1) 37.5 150.0 483 —58.0 : —138.0 E Ie) 
Trial Deflections, Part (1) 387.5 4308 3728 qA*/(180 E Io) 
Deflections, Part (2) —8. qX*/(180 E To) 
Linear Correction to Deflections —25.5 —34.0 42.5 qA4/(180 E Io) 

) 


361. 396.9 332.1 1885 qd4/(180 E I 
88.5— ~8.1=—196.6 q3/(180 E To) 


= ar Load wi 


Deflections, : wi 8 198. 
Assumed wa 38.1 
Wo = wi + w 266.9 
Moments due toP 37.3 60. 8 
Distributed Angle Changes —18.7 Lad —20.3 — 16.7 

Assumed Average Slope, Part ( q 0: J 
Linear Correction to Deflections 


0 Io) 
E To) 
0 M/(90 Io) 


Deflections, Wa 
Final Deflections Wa Giving : oe 
Same Deflections wo 67. E Io) 


0 
Final w. pri 265.5 123. 0 EI.) 
‘Final Moments 254 269.0 25 0 gd/90 


D BENDING Moments For TRIANGUL LAR Load WITH AXIAL Couranesion 


The computation of fixed- end 


data « of Figs . 42(a), 42(b), and 43 and the same general principles previously 
applied in the determination of the elastic constants. In Fig. 44(b) the re- 
sultant deflections and bending moments for fixed ends and axial load are _ 
. Asa check, the bending : moments of Fig. . 44(b) are used to obtain the results — 
of Fig . 44(c), the computed deflections and end ‘slopes differing from those of 
Te 44(b) by a maximum of about 27%. ” Much of the work was done inn 
Sin. slide rule, the remainder with a 10-in. slide rule. 


“One Story Frames Analyzed by Moment Distribut 
Portland Cement Assn., April, 1941, pp. 8 and ee 
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he In all cases s where the value of of Wa for the first trial was computed from Eq. 4, 
Is gave a value of w’ a SO close to the value of w’, from a ‘third 
that the extra trial was unnecessary. The effect of omitting deflections 


a, computed from Eq. 4, was to increase the oe number of trials to three. 


q Lb per Ft 


(a) Fixed-End Moments. 
‘End d Slopes, Beam Simply Supported Fig. 4300) 
End Rotation Fixity at A, with B 


ion Producing Fixity : at B, with A pang ra 4 
1 


“Resulting End Moments 


0.7209 = Fa Fp = — 2.402 


Deflections and Bending Moments 
= 0.25 in All Cases 


to Fe —272 -311 —278— as _ 9 qA4/(180 E Ie) 


Deflections due to Fa-+ Fa _ 409 876 


Defiections due to Triangular Load _ 489 248 


oments due to Fa q 
a Moments due to Fa-+ Fp _ 4 —426 
due to TriangularLoad “A 443-538 


- 
Resultant Moments 2 146 


(c) ‘Cheek Values of Deflections and End Slopes 


End Slopes (180 E Io) 
‘WITH AXIAL COMPRESSION 


In ‘comparison 1 with ‘procedures devised for this type probler 


Professor Newmark’ 8 s method affects savings in time and labor, gives equally 
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DISCUSSION 


‘MECHANICS (OF CREEP STRUCTURAL 
ANALYSIS 


By JOSEPH Soc. fom E 


JoserH Assoc. M. Am. Soc. C. E: he Ww writer is greatly in- 
“debted to Professor Hrennikoff for poin out two “errors in _this paper. 
With reference to the first one, it. appears 
‘integer values for n is not a serious een This. fact is realized when | the ap- 
-proximations involved in formulating a creep-stress law are considered and 
when the necessity of extrapolation i is noted. If the test data on the material 


warrant a more accurate analysis than that indicated | by the use of odd in- 
tegers for n, it is always possible to solve | the problem for two successive odd 
‘Values of n n and to interpolate for a particular lar value” of n. Regarding the 
second error noted by Professor Hrennikoff, the writer realized that the law of 
superposition does not apply, and noted this in the paper (see heading, “Stat— 
ically Indeterminate § Structures: Example 5”). The general theory given in 
paper ¢ ‘Statically Indeterminate Structures: Moment-Distribution Meth- 
od” ) appears to. ‘the writer to be correct. The application | of this theory 
in Example 5 is incorrect as Professor Hrennikoff points out. That is, . 
new set of values for the « carry-over and distribution factors should have been 
determined at each s step i in the moment-distribution procedure. 
* us The comments of ‘Mr. Turner are of considerable interest and ‘importance 
in the general problem . of behavior of materials subjected to > stresses. The 
validity: of the assumption that plane s sections remain plane i is based on creep- 


deformation measurements made on beam specimens.* 


v= The discussion by Mr. St Stewart regarding t the justification for considering 


creep and the difficulties encountered in applying creep-: stress s analysis to 


_ —This paper by Joseph Marin, Assoc. M. Am. Soc. C. E., was oubitieed in May, 1942, Pro-- 
“edings. Discussion on this paper has appeared in Proceedings, as follows: September, 1942, by — 
4. Hrennikoff, C. A. P. Turner, and Ralph W. Stewart. j§ 


* Prof., Eng. Mechanics, Pennsylvania State College, State College, Pa. 
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RELATION OF UNDISTURBED ) SAMPLING» 
TO LABORATORY TESTING 


Discussion © 


— 
By. JACOB FELD, M. 1. Am. Soc. 


M. Am. Soc. C. E. es careful ‘analysis o of the problem o of 


undisturbed soil samples, in which the author lists proof of each point, isa 
contribution to the subject of soil mechanics. | ‘The identification of clays by 
the shape of the stress-strain curve may well be considered a means of classifica- 
tion sufficiently accurate to be used as a design tool. _ Many structures are 
- planned to be located on clay soils, where the cost of expensive sampling and 
testing has not been warranted. . Ifthe engineer i is certain that the samples and 
the tests will indicate correctly the future action of the structure, he might be 
_ justified i in ordering the expenditure. The use of full- scale data from previous 
experience (and troubles) with foundations as a basis of design of other s struc- 
tures is not feasible without a guarantee that the soils encountered are similar. 


‘The author's method can be used to prove similarity, ¢ even without the exact 
_ The action of clay soils under loadings, in test samples and i in nature, can 
:" described by a an analogy. = Assume the existence of a large continuous bed 
2 sponge living at the bottom of the sea. The density of the sponge is the © 
‘result of the hydrostatic pressure above it, w rithin it, around it, together 
= its skeleton strength. Change in w rater depth will affect the ‘density i im- 
- mediately, s subject to rebound with time as the internal water | pressure (from 
osmosis) changes t to balance the new loading. . A load imposed « on the sponge» 
be _ bed will settle, immediately « due to compression of the skeleton and of the water 7 
Se additionally as the water under the load i is pressed outward, to the extent 
that the adjacent sponge will absorb the surplus. _ The volume change in the 
Sponge under the load will affect the adjacent materials. 
__ Excavating a test pit for determining sponge co conditions at any d depth is. 


likely to yield unreliable results, because of the expansion at the new surface a 


Rg ns —This paper by P. C. Rutledge, Assoc. M. Am. Soc. C. E., was published in November, 1942, 
; Proceedings. Discussion on this paper has appeared in Proceedings, as follows: December, 1942, by Messrs. a 


Benjamin K. Hough, Jr., and F. M. Van Auken. 
§Cons. Engr., New York,N.Y. 
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testing, without changing the physical almost 


_ However, , if a sample can be subjected to approximately the same exterior forces 
and moisture conditions in a laboratory test, its natural reactions under new > 
loading can be determined. This paper indicates how one can be assured that 
the laboratory procedure reproduces original or natural conditions (natural void 
Bene and preconsolidation load). . Such assurance will go far toward instilling 
onfidence i in the value of soil and of soil — 
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DISCUSSIONS 


_ ENTRAINMENT. NT OF AIR IN FLOWING WATER 
“al ‘A SYMPOSIUM 
— 


BY MEssrs. ROBERT “AND “CARL 
- Rosurt T. Knapp,” M. _Am. Soc. C. E. 2a__The entrainment of air by high- 
velocity flows in open chennai 1 is an important phenomenon about which too 
“little i isknown. Mr. Hall is to be congratulated for his contribution, both from 7 eS. 
the observational and analytical standpoints. He deals not only with the air - 
_ entrainment problem, but also with the general problem of high-velocity flow = 
around horizontal and vertical curves in open channels. — The writer wishes to 
f comment briefly upon, first, the flow around horizontal curves, and, second, the 
problem. of air entrainment through the free surface of the flow. _ 
High-Velocity F Flow around Horizontal Curves. —Until quite recently, little 


attention has been given’ to ‘curvilinear ‘flow in high-velocity open channels. 


Since Mr. Hall has not presented the e concepts of this regimen of flow that have. 


been found useful, a brief review seems to be in order, oO ee, 
_ When applied to tl the flow of a liquid i in an open channel, th the term, “high- 
velocity flow,” means flow at a velocity greater than the critical, or the wave oo 
7 velocity for that particular depth. 7 The velocity of a surface wave is the ve- | 
locity of propagation of a disturbance; that i is, a force through the flow. In 
flow around a horizontal curve in ppeny channel (‘ ‘horizontal”’ is used loosely 7 
in th the sense of being “Sn the plane of the undisturbed surface”), the walls of 
the « channel force the adjacent layers. of liquid to move in curved paths. In 

- flow that is slower than the wave velocity, these forces are transmitted across 
‘and along the channel at a speed sufficient to permit equilibrium to be estab- 


lished between. the centrifugal forces, resulting from the curved path, and the 


: _Nors. —This Symposium was published in September, 1942, Proceedings. Discussion on this Sym- 
posium has appeared in Proceedings, as follows: January, 1943, by Warren DeLapp, Jun. Am. Soc. C. E.; 
4nd February, 1943, by Karl R. Kennison, M.Am.Soc.C.E. © 
Cal Associate Prof., Hydr. Eng., California Inst. of Technology, and Cooperative SCS., Pasadena, 
Received by the Secretary, January 29, 1943. 


: by Robert T. . Knapp and ‘Arthur Tv. _ Ippen, Proceedings, Fifth International Cong. for Applied Mechanics, = 


_7“Curvilinear Flow of Liquids with Free Surfaces at Velocities Above that of Wave Propagation,” 
1938, p. 531. 
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"This e is sec 

(Eq. 32). Unfortunately, this condition not hold for 
of supercritical flow. The reason for this is clear. In low-velocity curvi- 
linear flow two forces act on each liquid element to cause it to travel i in curved | 

paths. They are an “over-force” from the superelevation on on the outer w wall, 
a and an “ander- force”’ ‘from the e depression on the inside w all. oe This is possible 
only the wall effect travels. faster than the flow. In si supercritical flow 


- state of of affairs n no longer \ exists. The effect of the ‘change of direction of 


4 hich means, if b is the w idth of ey iat the effect reaches the opposite 
first at a distance downstream of 


For a channel whose mean radius of curvature is r, this corresponds to an angu- 
lar distance 
b 
r+ 2) tan B 


on this distance all of the force required to cause the water to follow he: curved 
path was supplied by one wall instead of by equal forces from | both - walls, 

Therefore, the pressure r rise (the ‘rise in the w water surface at the outside w Ww yall) 
‘keeps i increasing | until it is about twice as high a as it would be for a flow at the 
‘same velocity, but with a ‘a depth sufficient to cause the critical velocity to be 
above the velocity of flow. This maximum pressure rise corresponds to 
cross slope, Ws, ey Which i is t twice ‘that iat given by 32: 


(49) 


ceeded i in men g the channel (Eas. 47 and 48), the superelevation i is poe 
too great; so it decreases, leaving a maximum at this point. 7 The subsequent — 
history is easily visualized by considering that the behavior of the surface is 
thought of as a wave train oscillating about the « equilibrium depth, ¢ given by 
Eq. 32° with the oscillation having a wave length of 2 60 and an _ amplitude « of 


The maxima and minima are on on both the ot outer 


‘inner walls. _ The disturbance train persists into the downstream tangent with 
a ‘magnitude depending upon the relative position of the last maximum in the 


curve. This behavior in the curve is clearly shown i in Fig. 8, in which the last 


| | 
— 
Pree? only at the wave velocity C. Thus it crosses the channel at an angle 7 
j 
‘a 
| 
( 
| 
— 
» 
‘ 
— 


a 
° 


S 


ce 


: 
In 
Fig. 7 the of the oscillation is plainly ll It 
can be traced twice across the channel, beginning on the right wall at the last 
‘maximum in the curve, crossing g diagonally to the left wall of the downstream © 
tangent, and being reflected back again to to the right w vall, w hich it is approach- 
ing at the bottom of the picture. 
4 Since the effective | cross slope y varies from zero at the beginning of curva- 
- to twice the value given by Eq. 32 at the y points of maximum on the ot outer 
wall, and actually may have a negative slope at the minimum points, it is not 
surprising that points were found in the South Canal chute that verified Eq. 32. 
Indeed, as previously stated, this is the equilibrium slope, . but it w would be — 
‘disastrous to design the channel freeboard on this basis. 
Arthur 'T. Ippen and the writer?” have show own that this oscillating 
turbance can be eliminated i in channels of rectangular cross section by the use — 
of compound curves, in y which the central curve, irrespective e of its length, is a 
7 preceded | and followed by circular transition curves, each one-half wave length © 
long, having - mean radii twice that of the central curve. These transition 
i ean be thought of as producing counter disturbances of the ‘correct 
magnitude and phase to interfere with and eliminate the tetiens—Sam, fe 
in the curve itself, and second, in the downstream channel. ‘The san same e results — 
-_ can also be obtained by transition curves rves accompanied by banking the the channel ad 
bottom, 


In many cases the use of these concepts and methods will eliminate the 
‘need for the model tests recommended by ‘Mr. Hall. Hower ever, r, for complicated 
constructions involving divided channels and accelerating flow, model studies. 

will certainly be helpful. 7 In such cases the work must be done w ith extreme 
care to simulate both de pth : and velocity very accurately, since the wave pat- 


tern, and therefore the acceptability of the design, | is so very sensitive to 


os Mechanism Of 2 Aw Entrainment.—In studying the phenomenon of air en- = 


-trainment in open- -channel_ flow, the Ww Titer has found it convenient to analyze 
the physical nature of the phenomenon. Therefore, the following remarks are 
offered in amplification of Mr. Hall's description of the process. a 
_ Air entrainment through the free surface of a flowing liquid is essentially 
& wave phenomenon. - More exactly, it is accomplished through the medium 
of breaking waves, which fold i in air and carry it through the interface. The 
- eonditions under 1 which waves will break w were delineated by H. Helmholz** i in 
the nineteenth century. The physical concept behind his analysis is that 
waves traveling as fast or faster than the relative velocity across the interface 
= ae the differential velocity betw een the w Ww vater and the air), lose energy, 


stricted in general to poorer of flow ‘above the critical. uiomeme 


Abhandlungen,” "by I H. 1882- 22-1895, Vol. 1, pp. 146-157. 
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KNAPP ON AIR Discussions 
«Since the relative densities of air and water are about 1 to 800, a very power- 
ful tendency for the ; air to separate from the water beginning with the moment _ 
The mochaniom that carries the air down- 


amount of f air in the mixture i is determined by e value of op- 
posing forces. . There is a direct : analogy between this transport of air and — 

sediment transportation, with the air bubbles taking the places o of the particles 7 

i of sand and silt, and the tendency of the bubbles to rise to the surface 1 replacing 
the tendency of the sediment to. fall to the bottom. In the case of sediment _ 

a transportation, the concentration is far from uniform i in the vertical direction, — 

4 7 even for laboratory conditions of uniform-sized particles. For coarse materials, _ 

4 little will be found above the bottom layers of the flow. On the other hand, a 
much more even, but still nonuniform distribution will be found for the trans- 
portation of fine silt and clay particles. Much the same conditions will be 
found in air - transport. — T he depth of penetration a of the air below the surface 

_ will depend on the size of the bubbles and the level of turbulence. — ‘Large — 
bubbles will penetrate less than small ones. The air concentration must be 
greatest near the surface and may decrease to zero before the bottom is reached 
if flow is ‘sufficiently deep. 


Pig set ‘Since air entrainment occurs by mixing across the interface, help in under- 


standing it can be e obtained through the study of other types of interfacial 
‘mixing. phenomenon is greatly exaggerated and presented in “slow 
motion” 7 ease in observation in the case of density currents in lakes and 
Bs ccugesionl A recent review of the general behavior of density currents has 
been presented by H. 8. Bell,?9 * with whom the writer has been working for 
pecs. years. A further discussion of this subject was presented by the w riter 
the Second Hydraulics Conference in Iowa City, Iowa, June, 1942.3 ‘Studies 
of interfacial mixing of density currents in the laboratory show that t the mixing * 
“ial is ; larg ely restricted to the upper layers: of the flow and the bottom layers are — 
_ ‘Telatively undisturbed. Furthermore, the ‘Mixing zone soon forms a second 
- definite density flow which travels on the surface of the first and moves at an 
i. intermediate velocity bet between the bottom current and the overlying liquid. 
; intermediate layer acts as a buffer to inhibit further mixing. seems 
probable that a similar situation exists with air entrainment in open 
cry channels. Here the layer of foam is the overlying flow. ~ Since the density of 
this foam is still very great as compared to air, it would be expected to — 
ata velocity : much nearer to that of the water than to that of the air. Never 
is suspected that this velocity i is definitely lower than that of the 
underlying flow. to numerous oo 


i: The p preceding considerations lead to numerous conclusions, some of which 


29 “Density Currents as Agents for Transporting Sediments,” by Hugh — Bell, J ournal of Geolog 
Vol. L, No. 5, July-August, 1942, pp. 512-547. 


Second Hydraulics Conference, Iowa Iowa, 1942 (publication 
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_ fore, an assumption of uniform mixing is dangerous, although it may be tolerable 
for high velocities and low depths such as those reported by Mr. Hall, > 
* 2. Air entrainment is basically a phenomenon of breaking waves which 

obtain the energy for breaking from the relative velocity between the air and 
the water. _ Therefore, the amount of air entrained probably will be affected 
by the magnitude. and velocity of the wind A the | ‘surface of the f flow. 7 | ae 


Initial disturbances ‘are necessary to cause sources 
of such disturbances are (a) channel roughness, which affects the level of 
turbulence, (b) uncompensated curves in channel, (c) local irregularities, and 
(d) turbulent structure of wind if velocity i issufficiently high, = 3 ~— 
a 4. Neglecting local disturbances, channel roughness should be one of the 


most | important factors in air entrainment since it deter- 


water -or layers having | rw er air ain _ Therefore, methods o of velocity 

ments that basically determine velocity of upper layers are probably : 
nit and underestimate the true velocity. _ The color method used i in | the 
experimente Is s subject to yond question. 


et will be noted ion all of the foregoing conclusions are canine 
compatible wit with the th the assumptions and and treatment used by Mr. ‘Hall. 
E. KinpsvaTer,” Jun. Am. Soc. C. E. considerable portion of. 
the paper by Messrs. Kalinske and Robertson is devoted to a study of the — ° 
hydraulic jump in enclosed conduits. . Data. obtained from j jumps in a sloping» —_ 7 
pipe verify the application | of the pressure-momentum analysis to that phe- — 
“nomenon. In an earlier | study”? by the writer, this method of analysis was, 
substantiated for the hydraulic jump in horizontal enclosed conduits. It 
i interesting to note that the experimental data: plotted in Fig. 16 show a slight — 
deviation fro from the theoretical curve, almost identical with results obtained by 
$ the writer. Although this dempeney i is of negligible importance in practical 7 
Je applications, it is of interest to attempt an explanation of the small but definite 
tendency for the observed ‘‘force plus momentum” after the jump to be less" 
: the sum of the initial pressure and momentum. | Three explanations | were _ 
offered by the writer: First, because 0 of the nonuniform distribution of v veloci- 
- ties in section | (2), the computed m momentum, based on 1 an assumption of un uniform 7 
distribution of the average velocity, is less than the true momentum = 


Asst. Hydr. Engr., Flood Control Section, TVA, Knoxville, Tenn. 
om “Hydraulic Jump in Enclosed Conduits,” by E. W. Lane and C. E. Kindsvater, Engineering | News- 


Record, Vol. 121, 1938, pp. 815-817. 
“The 4, draulic Jump in Enclosed Conduits,” by Carl E. Kindsvater, a thesis presented to the State 


Universit owa, Iowa City, Iowa, in 1936, partial fulfilment of the for the of 
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cross section; second, because of the admixture of air with water in section (2), 
the true > velocity of the water is somew hat greater than the average > velocity 
based or on the total cross-sectional area of the conduit; and third, because of 7 
extremely turbulent, nonuniform flow conditions below the jump, it is -impos- 


sible to compute accurately the loss of head due to wall friction between sections 


‘The first explanation was subsequently shown to be of minor importance 7 
by a series of carefully conducted pitot-tube traverses in the region below the 
ipo was s shown that the nonuniformity | of velocities i in this section could 
e expected to account for an increase in M, of not more than 2% o1 or 3 %. 
Now 7 based on the Kalinske- -Robertson study of air entrainment, it 


ae - possible to ) evaluate the second explanation. . Fig. 20 shows a comparison of the 


+ Mz, in Pounds 


F, 


writer’ s original results with the same data corrected for the effect of air en- 
trained in the water at section (2). alues of B were 1 read from Fig. 13 and 
applied to the original data as indicated by Eq. 37. The corrected d data show a_ 
considerably improved relation to the theoretical curve, but there is still a 
slight tendency for + to be somewhat less than 
The thi third explanation for this « discrepancy i is s extremely difficult to evaluate. 


‘Int the writer’ s study, — 2 was corrected for the loss of head due to. boundary frie 
= between the section w here the pipe first flowed full and the section corre- 7 


sponding | to the highest point on the pressure profile. — However, this friction 

_ loss cor rection was based on Manning’s formula for pipe flow, using ‘measured — 
values of n obtained from tests in a reach of fairly uniform flow r conditions. — 
Additional losses in the reg region . of partial-depth flow and miscellaneous losses" 

due to the concentration of velocities alor along various sections of the pipe are 
It is quite true that the discrepancy shown 1 in ‘Fi igs. - 16 and (21 is of small ; in 
practical importance. should be emphasized that the question is largely 
academic i and i in no way should invalidate the ae of the pres- 


in volume and of the j jump, is defined 
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. suguetnany equal to the total observed length of the jump, L, minus 
3 (D — yi)” Although this definition is sufficiently accurate { for j jumps having 


P2 
values of 2? apparently it would be quite when 


= approached the magnitude of D. . The length term is especially critical when, . 


ounds 


Mz in 


F,+ 


Pounds: 
Fie. 21 oF Ea. 35 FRoM ON ue IN 
HorIzonTaL 6In. CrrcuLaR PIPE. 


as pointed out by the authors, th the slope is is steep and Ww iain a wie factor 
: ‘Since a practicable treatment for the hydraulic jump in sloping channels, . 
= either open or enclosed, is dependent upon measured dimensions of the j jump 
feet the analysis suggested by Messrs. Kalinske and Robertson will have 
| practical significance only when data are available for computing the total 
length of the j jump. Numerous studies™ on the hydraulic jump in open chan-— 


Hydraulic Jum "Boe Terms of Dynamic Similarity,” by Boris A. and Arthur 
Matzke, Transactions, Am. c. C. E., Vol. (1936), p-630. 
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nels have demonstrated that the length of the jump can be conveniently _ : 


_ pressed | as a function of Froude’ s number. A similar relation n might have ‘tt 
~ developed for the e jump in : sloping enclosed conduits. . Iti is of interest to in- 
vestigate the approximate form of the latter relation by further reference to 
the writer’s data on the hydraulic jump in a horizontal, circular conduit. | a 


Fig. 22 shows a plot of the limited data available, in which the length ratio 
EY (corresponding to to — for flow in open channels or flow at partial depth in en- 


Length Ratio= 


LEGEND 


© Pipe Flowing at Partial Depth at Section (2) _ 


fs 


of Y 
roude’s Number = —— 

Number 
Fig. 22. —Leners Ratio, HypRavtic Jour HorizonTau PIPEs 


tained from tests on three different initial depths—y: = 0.2 200 D: 34. = 0. 408 D; 


and 4 yn = 0.604 D—in a a 6-in. circular | pipe. 7 Curves drawn theough the e data. 


are generally similar i in shape to length-ratio curves for the hydraulic jump in 

open rectangular channels. However, apparently due to the circular cross 

section at section (1), the length ratio varies considerably more | with yi than 


with _Froude’s number. Additional data for this study, for. various slopes, 7 
initial depths, and Froude’ s numbers, would be essential for a complete treat- 


ment of the hydraulic jump in enclosed conduits. 


Corrections for Transactions: i September, 1942, Proceedings, page 1144, 
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PRIMARY ROLE OF METEOROLOGY IN FLOOD 
| FLOW ESTIMATING 
By EDGAR Dow GILMAN, M. Am. Soc. ‘Cc. E. 
By Epcar Dow GILMAN, 


| | _Epear Dow Gruman,’ M. Am. Soc. C. E. $¢_Much data are con-— 
- tained i in this p paper, including theories and conclusions on storms and pr precipi- 


# tation. Precipitation i is undoubtedly one, but only one, of the 1e major | factors 
in the production « of floods and is not in itself a controlling factor. . Although the 
- subject of precipitation is handled interestingly in this paper, the title, “Flood 
- Estimating,” appears to be broader than the material actually covered. #F or 
example, the heading of one section is “The Maximum Possible or ‘Ultimate © 
Flood,” in which the author sets forth the maximum possible or ultimate 
precipitation, which does not seem to the writer to be synonymous with floods. a 
5 From a study of Ohio River flood records and flood o observations i in — 
re 


ae years, ‘there appear to be two factors in floods, regarding w which mo 
data ,and study v would be enlightening. _ The first is the v variation in the Jongi- 
tudinal profiles of flood flow and crests. The second is the effect on such 
profiles of the “timing” of the tributary crests at their outlets relative to the : 
moving crest in n the river. 
Different floods have quite different profiles. “When these pro- 
- files are plotted as sof any instant, at w herever the the crest is at that ‘instant, with ; 
‘miles as the horizontal axis and feet elevation as the vertical : axis, it is found a - 
that the slopes in front of, and behind, crests are quite dissimilar in different a 
ee floods—some will be e gradual and some will be sharp. 7 The lengths « of the arene _ 
_ elevations or crests will also vary; some will be short and some will be long. 
- How high a flood is produced i ina . big river with many tributaries, when there 
has been a given precipitation o over the watershed, depends | upon how that 
- volume of water is stored i in the moving flo flood. _ A given volume i in a long, flat 
crest with gradual slopes will not result in as high s a flood as if the same volume 
were contained in a ‘short, sharp crest with steep slopes. ¥ 


— 


This introduces the 
factor of “timing’ '—that is, whether crests in tributaries reach their mouths 


_ Nore. —This paper by Merrill Bernard, M. Am. Soc. ty E., was published in January, 1943, Proceedings. —_ 
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some 


i esis a dian as to add to the height or length al the crest in the river or 
ab In 1913 the Miami River (w hich enters the Ohio River about 17 miles below 
- Cincinnati) reached its crest on March 26, producing the great Dayton flood. 
On that date the Ohio River was 4 ft under the flood stage of 52.0 (gage height) 
at Cincinnati. - This caused a pool i in the river, and, for a considerable period, 

- water was actually flowing upstream in the Ohio See. . In the meantime, a 
crest in that river was on its way down, but did not reach Cincinnati until 
‘April 1, when it crested with a gage height of 69. 9, the second greatest — 
“flood. stage at Cincinnati ‘up to that time (exceeded i in 1884 and 1937). - The 
gage height of the Miami River at Hamilton, Ohio, was 34.0 ft a at its crest on 
March 26; and, on April i: when the Ohio River crested at the mouth of the 
Miami River, the the gage height of the latter v was only 4.0 0 ft. I In these six days” 
‘the Miami River had dropped 30 ft. — Presumably the greater portion n of = 
volume of flood discharge from the Miami River added to the length of the flood 
crest of the Ohio River, rather than to its height, which was probably increased 
- somewhat because of the additional water ahead of the crest. However, the 7 
problem is what w ould have been the effect on this Ohio River crest if the | 

greatest. discharge. of the e Miami River had reached its outlet: on March. 31, 
April 1, or April 2, instead of on March 2670 

my Blane , obscures details. and, in 1 the minds of most people, the 1913 flood in the 
: Mian Miami i River and the 1913 flood i in the e Ohio R River at Cincinnati are considered 7 
~ one and the same flood; but the six- -day interval between them, with due regard 
to the flashy character (rapid rise and fall) of floods in this smaller 1 Tiv er, 
probably was vitally important timing. 
‘That s all tributaries to a river would release their maximum discharge at the 
exact time t to produce the greatest increase inh height of the crest of the e major - 


_ river as it passed the mouth of each tributary might be ‘equivalent to assuming 
im ‘if not an series of cumulative coincidences. W 


_ Seems true that floods in major rivers, such as the Ohio, vary in height as more — 
or fewer o of the total number of tributaries approach such timings in their dis- 
charge; an and that, because of variations in the number of such coincidences, it is 
a practical possibility to have higher floods with other than the ; Maximum 7 
precipitations. . Ino other words, unless the precipitation i is of very long duration 
_ over the entire watershed of a big river, ‘it cannot be stated that ” — 
precipitation will necessarily produce the greatest floods. 
» The writer would suggest again that | all river gage heights be rT in sea- 
level elevations. Past records from existing gages could be referenced to the - 
new base and not be lost. — Such procedure would add materially to the infor-_ 
mation to be from reading a table of gage heights throughout the the length 
; & — of the Ohio River. —lts seems unnecessarily confusing to the writer to refer to 
7 a gage height of 30 ft t in the } Miami River at a time when the gage height in the 
Ohio River is 48 ft, and, at the same time, to realize that water was flowing 


— the Miami River into the Ohio River, 
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Corrections for Transactions: In ‘January, Proceedings, page 107, | : 
dines 23 to 27, with Fig. 2, and substitute: 
“ees Wakefield, Kans., that the discharge in the Republican River could 
have greatly exceeded 70, 000 cu ft per sec. The maximum flood flow of 
‘record had increased from 37,500 to 47 ,000 cu ft per sec in 1903, and to 70 cu ft 
“per: sec in] 1915, but for the next twenty years the river failed to reach or exceed 
the 1915 crest discharge. In. May, 1935, the Republican River Basin was 
7 ‘visited by a storm which produced a flood peak aneen at 180,000 cu ft per 
* 
sec. The prevailing maximum-flood discharge, * * *. is 


On page 110, line 8, substitute “discharg e” for ‘ — 
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DISCUSS ION 


SICAL PROPERTIES THAT. AFFECT THE 


problem in may a corollary to the author’s’ 


exposition. In the design of long riveted plate girders, it is ‘frequently 00- 
nomical: to construct the flanges of structural silicon steel'* which, although 
more expensive per pound, ordinarily permits an increase in unit, stress from 
«18, 000 to 24,000 Ib per sq in. with a proportionate reduction in section and — 
however, a proportionate increase be made i the shearing unit 
for the plate, it frequently re results in a plate undesirably thin 
regards e either future or the possibility of buckling. the shearing 


“extra” of some $20 per ton is paid for capacity in shear which 
- cannot be utilized. If ‘carbon steel is retained for the web, it is cheaper, i is safe. 
in . shear, and is of adequate thickness; but, because of its interaction with the 
_ silicon- steel | flange, its outermost fibers ¢ are inevitably s stressed te to alm almost 24,000 
pare” 
bp per sq in., or one third higher than specifications permit. oe 
ana However, engineers now seem to be in general agreement on the propriety 
- of the evidently economical construction, carbon-web and silicon flanges. As 
- _ the author has stated, the justification is that not only the unit stress, but also’ 
the possibilities of deformation, must be taken into account. * In an all-carbon 
ao / girder, if underdesigning, under r future loading, led to an increase of flange unit 
_ Stress to 33,000 or 36,000 lb per sq in., both web and flange would enter the 
phage | of plastic flow, and the girder would be in danger. In a girder with | 
-earbon-web and | silicon | flanges, however, any future overloading that hee 
e the 
- web to flow, because the ‘silicon flanges Ww vould still be ¢ 9 ,000 to 12,000 tb per 


: sq in. below their yield-point: stress of 45,000 lb per sq i in., and would 1 still be 


-s Norz.—This paper by Wilbur M. Wilson, M. Am. Soc. C. E., was aes in December, 1942, 
Chf. Engr., Fabricated Steel Constr., Bethlehem Steel Co., Pa. 


Received by the Secretary January 14, 1943. 
18 Specifications, American Society for Testing Materials, ‘aeeiiee.: A. S.T.M. -A94. a 
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March, 1943 JONES ON STRUCTURAL \L PROPERTIES 


i elongating under practically their original modulus. 2 ‘The carbon web i is locked 


in a high-yield- -point ‘flange that will not let it flow, and without ‘flowing it 
cannot fail, being a material of high ductility. 


The euther refers to the eyebar (evidently the forged-head bar of several, 
— standing) as an advantageous form from the standpoint of energy 


absorption, the advantage arising from the lack of any spots or localities of 
reduced area. _ Attention might here be called to a description” of a different 
type of tension-resisting bar, in which reinforcing-pin plates were welded on to 
each end of a long flat plate. In the case described,” this bar proved more 
economical of manufs vcture than a forged-head bar, and it obviously se pol 


~ characteristic praised by the author of having 2 no ‘point of reduced cross 


i The last two. omen of the “Synopsis” open up a wider field than that — 
of which the disposes. The vital question of correlation between uses 


: tural steel, but does the author answer his final question of “whether or not 
there ¢ are other characteristics of the material that should be considered”? _ 
a ay OF or structural carbon steel, it may be stated safely that there are no 


and until new v types of application must be con- 


on weldability” might be Ww anted. “In general, however, 
riveted bridges, buildings, and similar structures, | years of 
millions of tests have convinced the engineer that if structural carbon steel -_ 
BE ve the routine tests for strength and ductility, it may be considered also . 
to possess all of that dependability under adverse conditions which the engineer 


The danger lies in carry ing the same reasoning, by analogy, over into the | 
- specifying of tests for harder steels and for other materials, where no such i. : 


of experience | may yet exist. Carbon steel, with 60, 000 per 

Bs, in. tensile strength and, ‘say, 26% elongation i in 8 in., can an safely | be subjected - : 
to 18,000 Ib per sq in. . average stress combined with some form of coped or SS 

_ otherwise suddenly altered cross section. Can some harder steel, with 80,000 

lb per sq in. and, say, 18% elongation in 8 i in., be used safely i in the same notched 

form at some higher unit stress? — Often not. Often, it would not safely carry # 

| the same unit stress as the carbon steel . A new requirement has been intro-— - 
_ duced by the sudden change of cross section—accommodation to point concen- 7 

trations of stress. Will the r routine tension and bend tests establish that such 7 


a power of accommodation exists? ‘They will not. 
Supplementary requirements : are not always overlooked. Sometime Sometimes fo f 
ers structural steel, a “drifting” test has been imposed, ‘atleast onoccasional 
ain if not in a routine way. _In many instances, however, the end use and 


the Seeeptance test se seem to be further apart than is logical. a “drifting” 


19 “Test of “Model of the Tacoma Bar,”’ by Bruce Johnston and H. J. Godiney. 
Welding Journal, ne Research August, 1939, p. 2538. 
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larged by y driving tapered pins, the mei measure of acceptability being the degree 
‘ure at edge of hole or edge of bar.) 

a ‘The. end use of bridge cable wire is to withstand tension combined with a 

“highly overstraining cold bend around a small-radius sheave at the anchorage, 


= also to withstand tension combined with heavy cross loading i in cable bands 


and saddles. That the « customary tensile and bend tests are not prima facie 
evidence « of ‘this was by the serious in service, of 
a 


_ process of manufacture, ‘ee: been rendered vulnerable to the critical conditions 
a The end use of dendiiil bushing or bearing plate is to withstand rubbing 
on steel under heavy pressure without excessive w ear, and to withstand this — 
- without se seizing or scoring despite considerable fault i in the lubrication; but the 
Specified acceptance tests cover ‘sometimes compressive deformation and 
sometimes tensile strength and elongation. 
The end use of arc-welding filler metal i is to to make a sound, strong, and ductile 
‘joint with the material to be welded, under a wide r: range of variables such as 
= spa and temperature; but the specified physical tests are made upon the 
filler metal as laid i in and upon itself, under the most uniform and ideal condi- 
None of the situations just described need necessarily to be dangerous, but 
the frame of mind they imply i is 3 $0. Danger is absent if and when a sufficient — 
body of experience | has been built up, to prove | that if the acceptance tests are 
- passed, none of the truly important properties, even | though the tests do not 
challenge them, can be absent. Prudence dictates a greater effort than is” 
always i in evidence, ‘to make the | acceptance tests fit the critical aspects of the 


use; and the fact faced that in many instances an 
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AMBRICAN SOCIETY 


APPLICATION. OF SOIL 
IN DESIGNING BUILDING 


FOUNDATIONS 
Discussion 


By MEssRs. JACOB FELD, AND LEONARD ZEEVAERT 


Jacos F ELD, 15 M. A. Soc. C. E.5*—The use and the limitations of soil tests | 

7 _ and soil theories that should be considered i in building foundation design are 
summarized in this paper. Definite rules are set forth for cohesionless soils, : 
and the general advice is given that the ‘floating method 7 be used in cohesive 

"The thirteen conclusions and recommendations listed for cohesionless soils — 


ag There i is. no justification for the assumption that the intensity of pressure © 
at the edge ofa rigid a area is zero. _ The experimental works of W. S. a. a 


pressure along the edges of footings la laid in sand. 
_ (b) The uniformity of base pressure in pier foundations i is the result of the 
halter of a deep footing rather than of the depth of the footing. Similar 
uniformity of f base pressure should be expected under a gravity type of abut- 


ment built in a shallow excavation. 


— (c) A rewording of this rule might clarify its meaning, to 0 the « effect that the 
‘unit bearing i is independent of the width of the loaded area. ‘ However, this is a 


Nore. —This paper by A. Assoc. M. Am. Soc _E., and R. E. Jun. Am. Soc. 
E., was published in November, 1942, Proceedings. : _ 


18 Cons. Engr., New York, N. Y. por 
18a Received by the Secretary February 6, 1943. 
i 16 Research Bulletin No. 13, Univ. of Michigan, Ann Arbor, Mich., 1929. P 
17 Bulletins, Pennsylvania State College, State College, Pa., 1912- “1915. 5. 
Civil Engineering, April, 1933, p.207. 
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 @ This rule i is not substantiated by tests of bearing values on deep caissons. 
more likely rule should read: Ph 
“The i increase in ultimate bearing emealie of a cohesionless : soil with depth 
is approximately as the square of the depth o of the loaded area.” 7 Oo 7 

- (e) and (f) The author suggests correctly that, taking depth into account, 

different allowable bearing values should be for interior exterior 

wallfootings, 

Gg) ‘The elimination of the Boussinesq formula as a tool to indicate the 

Tange ¢ of expected values i is not wise until : a more accurate method i is devised. 
Although: the Boussinesq formula is based on the assumption of isotropic 
- elastic materials (which assumption does not include soils at failure), it should — 

be emphasized that the theory of elasticity of materials is similarly limited. 

- Since, under small loadings, the strains in soils are substantially homogeneous 
and the lack of tensile strength does not come into play until the tensile com- 
= of internal shear strains exceed the initial compression, there is a range 


of loading for which the ei ran, | in the original or modified form, 


_ The statement that the action of foundations in clays’ can be properly — 
predicted only if the loads are placed in excavations deep enough to “float” 

_ the building, is wise. Mention ‘might be made of the practice in clay Sealities 
(Texas, , Connecticut, etc.) of not removing the last foot or 80 of the ¢ excavation Eo 


oa 4 until just before placing the concrete so as to reduce the settlement from re- 


compression of of the clay swelling at subgrade. 
The time-settlement records in Fig. 15 for building IV show a differential — 
_ settlement of the same amount as the maximum settlement and for building V, 
a differential settlement of 13 in., with a maximum settlement of only 10.5 in. 
This indicates that some part of building IV did not settle at all, and part of 
building V rose at least 2.51 in. The possibility of such behavior when parts of a 


building (or adjacent buildings) are of different weights i is not often — 


tor buildings: showing The writer desorbed 
a few-cases in a paper in 1930. 19 A list of references on the subject of bearing — 


_ od capacity published before 1913, in readily available literature as determined for 7 


_ the design of structures now in use, is as follows: a eee 

(1) “Preliminary Foundation Tests for. the St. Paul Building,” Engineering 


p. 388. 
“Safe ‘Load on Soil at New La., Engineering . News, V ol. 41, 


ws ‘Foundation Construction for the New Capitol for South Dakota” b by 

Samuel H. Lea, Engineering Record, Vol. 57, _ April 4, 1908, p 437. 
“Bearing Tests for Heavy Foundation Loads,” Engineering Record, Vol. 
_ 80, July 10, 1909, p. 55. 
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“Testing Bearing Power of Hard-Pan. Extension, Whitehall 
_ New York City,” Engineering Record, Vol. 61 , June 18, 1910, p. 792. 


| 
7 © “Tests and Costs of Making a Test of the Bearing Power of Soil for a 3 
Building,” Engineering- Contracting, Vol. 34, July 13, 1910, p. 
7 (7) “Test of Bearing Capacity of Sand under r Municipal Building, New York ' 
City,” Engineering Record, V ol. 62 2, July 9, , 1910, p. 46; ; July 16, 1910, 7 
57; and Engineering-News, Vol. 63, January 6, 1910, 24; 64, 
| November 17,1910, p.525. 
(8) ‘Device for Making Sub-Surface Tests of the of Soils 
August 3, 1910, p. 94. 
‘Testing Soil Below the Surface for Loads,” Engineering 
"Record, Vol. 62, July 16, 1910, p. 71; Vol. 63, May 6, 1911, p. 512. 
(10) “Testing Foundations at ‘the Municipal Building, New York York,” » Engineering 
Record, Vol. 63, February 18,1911,p.196. 
“Standard Test of Soil,”? by Rudolph P. Miller, Engineering Record, Vol. 
66, July 27, 1912, p. 112. 
(12) “Soil- Bearing Tests,” Engineering 66, September 14, 1912, 


“News, Vol. 69, “March 6, 460 ator 


(15) “Results of Tests on on Chicago Hard-Pan at a Depth of 57 Feet Below Lake 


Level, by Frank A. Randall, Engineering-Contracting, Vol. 37, ‘April 

** 
(16) “Supporting Power of Soils,” by Randall Hunt, Journal, pe Eng. 7 
Soe., Vol. 7, June, 1888, p. 189; and Engineering News, Vol. 19, 


1888p 


(17) “Construction of the Buildings, Bridges, Piers and ‘Decks at Jackson no 
Park,” Engineering Record, Vol. 28, August 26, 1893, p. 199. 
(18) “Allowable Pressure on Deep Foundations,” by » 

Engineering News, Vol. 56, December 20, 1906, p. 657; and Engineering 


Record, Vol. 54, I December 15, 1906, 647 


(19) 
Miller, Engineering Vol. December 29, 1910, 727; 
Record, Vo 1. 62, December 31, 1910, p. 783. 
“Sand Foundations for High Buildings,” Engineering Record, Vol. «666, 
September 21,1912,p.310.0 
“Report on Unit Pressure Allowable on Road- Beds of Different 
terials,’ ’ Proceedings, A.R.E.A., Vol. 13, 1912, p. 388. 
22) “Failure of the Transcona Grain Elevator, ngineering Vol. 70, 
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-EVAERT ON BUILDI NG FOUND ATION 


= 
LEONARD ZEEVAERT, 20 Jun. Soc. C. E2_The contained 
“the paper is of great value and very encour aging for it shows the ready applica- 
tion of soil mechanics in the design of building foundations. — a The writer has 
had the opportunity to design the foundations for three buildings constructed 


in Mexico City, Mexico, in which principles : similar to the ones stated in the 
paper have been used. 

In . each of these buildings the basement was excavated to variable depths — 
i. give a more uniform and favorable di distribution of loading and thus to de- 
crease the dishing effect. Early indie: ations show greatly decreased dishing 
as compared to similar adjacent buildings and to other buildings in the city 


which, according to usual practice, have equal depth of excavation throughout 
_ the foundation area. Decreased average settlements are obtained because of 
“the more u uniform stresses within the clay strata. _ The writer found that the 
idea of excavating to variable depths i in order to create more uniform stresses - 
in the compressible strata, and therefore to reduce ¢ differential settlements, 
helps | considerably and is wandiie applicable to very compressible soils, such as 
= City clays. He has called this type of foundation a‘ “compensated 
“foundation.” 
a the load distribution on the foundation slab when a rigid © | 
> foundation is to ve used in connection with underlying clay, “the edge > 
load problem” was devised. The compensated excavation and an edge load — 


7 applied along the boundary of the foundation are the means used to obtain an : 


- essentially uniform stress in in the clay y stratum below the structure. . The load 
= applied a at the; surface to hold oo uniform stresses within the e clay stratum 


One example of the domuntionl items is the Wong Office Building (165 : 
by 56 ft and 105 ft high) ur under which there i is a stiff fill underlain by a very soft 
clay stratum extending about 90 ft to the underlying sand stratum. ~The 
"building is is of concrete with an average net load of 0.9 ton per sq ft. In this 
case, the ratio of the load of the | building to the weight of the soil excavated 
was about 9 to 5. In the analysis it was recognized that adjacent buildings 
_ transmitted considerable stress to the clay beneath the Wong Building | and 
these stresses were taken into account in the settlement analysis. 
The solution of the edge load problem is explained briefly by reference to 
Figs. 24(a) to 24(e). | ‘Fig. 24(a) shows the stress distribution under the founda- 
tion and strata due to a flexible foundation on clay, an and Fig. 24(b) shows the 
es a rigid foundation. . Therefore, in a foundation that may be con 


sidered rigid, the stress distribution i in the clay stratum and the load distribution 


on must be e approached a as demonstrated in Fig. 24(b). 
-pensating” the excavation, the first step to this approach is ‘obtained. 3 Fig. 
24(c) shows the improved distribution of stress in the clay strata. -Howev er, 


ill bea a ‘drop i in the ‘stress distribution the strata 24(c)) 


200 Received by the y ii, 1943, 
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Unless the foundation of the building 1s sumciently rigid, dishing f 
ic noccihle Ry anniving loads as shown in Fig. 24(d), aiairy 
f Mexico; Cons. Engr., Mexico City, Mexico. 


ZEEVAERT ON BUILDING FOUNDATIONS 


uniform stress to the very edge of of | the found: lation and, at the same time, a load 
distribution ot on the si surface that aj approac ches the distribution for a rigid ieenter 
tion (Fig. 24(e)) may be obtained. _ This load can be e supplied b by ‘designing: 
the foundation sufficiently rigid. 


— stress Distribution V Within the Clay Stratum? 


— Edge Load J 


—Actual increase 


Reduced Load Due to 
Compensated Excavation 


Stress Distribution | within: 


7 This building indicated an average settlement of 1.2 i in. in nine months after 
‘the excavation | load was reached, and, three —_ later, a total settlement 


| 
q (a) | q 
— 
Excavated Load) Edge Loads—_ — 
= 
— 
= 
— 
were of the order of 0.08 in. (maximum) at points of about 50 ft apart. The 
7 Settlement analysis indicated 2 in. at the end of the construction period and q is 


‘ZEEVAERT ON BU ON BUILDING FOUNDATIONS | 


, the construction period was more ae than 1 the remainder of ie 
building, but the tilting of the foundation did not exceed 0.8 in. at the com- 

_ pletion of the loading period * Differential settlements remained under 0.08 in., 
and no dishing effect has been noticed. The excavation —— were not 
appreciably greater than those commonly used in Mexico City. A regular 
- a foundation with beams and 10-in. thick slabs was used, and no o cracks 
have developed. ‘This: is of particular. significance a as, in. “Mexico City, most 
ie with f fewer stories have shown visible cracks after the construction 


7 ‘Period. The writer has used his theory of foundation computations in two 
other buildings with similar results, 


gh The Boussinesq formula derived from the theory of elasticity was use used for 
= estimates. Predicted settlements have been of the order of 30% greater 
than observed settlements. _ The void ratio of clays encountered at these sites 
is of the order of 9, and compressibility coefficients at the loads usually en- 

~ countered are of the order of 1 cm? per kg. _ Samples were taken from the top, 7 


- bottom, » and | middle of. ‘the clay stratum and tested in the e writer’s private 


data o from the three depths. 
the of the foundation, the writer™ has that w hen 


Settlem 


oe of the writer is that when excavations occur in very | ‘soft clay the heaving i is 
— mainly i in the nature of lateral plastic flow into the excavation rather than an 
expansion of of the underlying clay, 
_ Corrections for Transactions: In November, 1942, Proceedings, page 1498, 


7 line 13, change “Ae’”” to “Ay”; on ‘page 1499, lines 1 and 2, change “Be” and 
“el” to “Ad” and ~~," respectively; in in Fig. 15(b), p. 1504, replot Curves V as 


shown, in con corrected. Fig. 15. 


On page 1516, line 20, “change “movements” ; and in Fig. 22, 


oe change “141” tons per sq ft and “0.39” ton per sq ft to “1. 41” and “—0.39, a 


“*Aplicacién de la Mec4&nica de los Suelos al Estudio de las Excavaciones en Arcillas Saturadas, 
= % by L. Zeevaert, Ingenieria y Arquitectura, Agosto, 1942. oe 
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BEAM ‘TYPE 


Discussion 


By Lewis A. SCHMIDT, JR. 


Lewis M. Am. am. Soc. C. 1 interesting argument for 
Without doubt there 
many applic: lications for this construction, | 
Regarding vertical cracks developing in Project. 1 and Project 2, Fig. 5 5, 
Bs not in Project 3, it is quite likely that the added percentage of horizontal 
- a4 reinforcement (from 0.11% and 0.14% to 0.34%, respectively) contributed as 


‘much to the reduction of these cracks as did the shortening of the length of the 
- pour. There is a decided construction economy in the reduced number of 
pours, because of the decreased number of joint seals” that. ‘must be placed. 
WwW here > comparatively thin walls are exposed to atmosphere « on one or both 
sides, : a proportion of p= 0.5% in each direction for temperature reinforce-. 
“ment i is not unusual. .< a This an amount of ‘Steel 1 would probably be justified by the 
aforementioned e economies, and would perform the same function. 
7 The concrete placement in the very thin walls of Projects 2 and 3 is also | 
diametrically opposed to achieving least shrinkage, since so thin a wall, 10 ft 7” 


_ high, and with steel on one or both faces, almost dictates the use of high ae : 


of and with less water to be 
drated. It seems probable that the disparity of roof | thicknesses between 
Projects. 1 and 2 contributed to the cracking | in 1 Project 1 as much a as the re- 
straint offered by the rigid connection. 
i ‘The author mentions that conventional « copper seals have not proved to be 
satisfactory. _ These } have been used so often in heavy construction, particu-— 


larly in conjunction with -premolded joints, : that it would be desirable to set 


forth their deficiencies in the reservoirs. a PSs 


ae Nore.—This paper by C. ae Stanley, Jr., M. Am. Soe. ¢ C. E., was published in December, 1942, 


2 Acting Constr. Engr., VA, ‘Hele Bar — Chattanooga, Tenn. 
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SCHMIDT ‘ON VERTICAL-BE AM RESE RVOIRS- 


advisedly attention to limitations of the design, and un- 
Perret the seventh one would be very important in this case, especially 
_where the bottom slab rests on the footing as well as on the foundation. | -~Dif- 
ferential pressures at this point due to the wall load could contribute some 
unequal settlement and cracking, p p: articular ly of the bottom slab. 7 a 
This type of construction may be expected to show up to best advantage 
‘in square or rectangular. rather than ¢ circular structures. Within its limitations 


‘it w would be interesting to see a comparative cost analysis of various designs. — 
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